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AIMS AND SCOPE

Turkish Journal of Intensive Care (formerly called Journal of the Turkish Society
of Intensive Care ISSN: 2146-6416) is the periodical of the “Turkish Society of
Intensive Care” and it covers subjects on intensive care, being published in
Turkish and English languages, and is an independent national periodical based
on unprejudiced peer-review principles. Turkish Journal of Intensive Care is
regularly published four times a year; in March, June, September and December
In addition, an annual special issue is published.

The aim of the Turkish Journal of Intensive Care is to publish original periodic
research papers of highest scientific and clinical value on intensive care,
reviews, case reports. It is directed towards for interested in intensive care,
physicians, anesthesists, surgeons, pediatricians, and any other specialists
concerned with these fields.

Turkish Journal of Intensive Care is indexed in Emerging Sources Citation
Index (ESCI), ProQuest Health & Medical Complete, EBSCO Database,
Gale, CINAHL, Tiibitak/Ulakbim Turkish Medical Database, Turkiye
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[peer-reviewed research literature], we mean its free availability on the public
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or link to the full texts of these articles, crawl them for indexing, pass them as
data to software, or use them for any other lawful purpose, without financial,
legal, or technical barriers other than those inseparable from gaining access
to the internet itself. The only constraint on reproduction and distribution, and
the only role for copyright in this domain, should be to give authors control over
the integrity of their work and the right to be properly acknowledged and cited.
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Tiirk Yogun Bakim Dergisi, Tirk Yogun Bakim Dernegi‘nin
yayin organidir. Dergi dort ayda bir (Nisan, Agustos,
Aralik) yayinlanan bagimsiz, uluslararasi hakemli bir
dergidir.

Tark Yogun Bakim Dergisi'ne gdnderilen yazilar gift-kor
hakemlige tabi tutulur. Dergi Tirkce ve Ingilizce dillerinde
makaleler yayinlar.

Tark Yogun Bakim Dergisi‘nin kisa adi “Turk J Intensive
Care"dir.  Kaynaklarda  kullanilirken  bu  sekilde
belirtilmelidir.

Yogun bakim alanina iliskin 6zgiin deneysel ve Kklinik
arastirmalari, olgu sunumlarini, yayin kurulu karari
ile istenmis derlemeleri, edit6ryal yorumlar, editére
mektuplari ve ulusal yogun bakim kongrelerinde sunulan
bildiri dzetlerini yayimlar. Dergide yayinlanacak yazilarin
segimine temel teskil eden hakem heyeti, dergide belirtilen
danismanlar ve gerekirse yurt igi/disi otorler arasindan
segilir.

Tirkce yazilarda Ttrk Dil Kurumu'nun Tiirkge S6zlugi ve
Yazim Kilavuzu temel alinmalidir.

Yazilarin Gonderilmesi

Turk Yogun Bakim Dergisi makale bagvuru tcreti ve ya
makale islem icreti uygulamamaktadir.

Yazilar sadece online olarak kabul edilmektedir. Yazarlarin
makale gonderebilmesi igin web sayfasina (http://www.
journalagent.com/tybdd/) kayit olup sifre almalar gereklidir.
Bu sistem online yazi gdnderilmesine ve degerlendirilmesine
olanak tanimaktadir.

Makale génderimi yapilirken sorumlu yazarin ORCID (Open
Researcher and Contributor ID) numarasi belirtilmelidir.
http://orcid.org adresinden icretsiz olarak kayit olusturabilir.

Bu sistem ile toplanan makaleler International Committee
of Medical Journal Editors (ICMJE), Index Medicus
(Medline/PubMed) ve Ulakbim-Ttirk Tip Dizini kurallarina
uygun olarak sisteme alinmakta ve arsivienmektedir.

Yayina kabul edilmeyen yazilar, sanatsal resimler harig
geriye yollanmaz.

Editor veya yardimcilari tarafindan, etik kurul onayi alinmasi
zorunlulugu olan klinik arastirmalarda onay belgesi (etik
onay numarasl ile birlikte), talep edilmektedir. Yazilarin
iceriginden ve kaynaklarin  dogrulugundan  yazarlar
sorumludur.

Yazarlar, gonderdikleri calismanin baska bir dergide
yayinlanmadigi ve/veya yayinlanmak (izere incelemede
olmadigi konusunda garanti vermelidir. Daha dnceki bilimsel
toplantilarda 200 kelimeyi gecmeyen 6zet sunumlarinin
yayinlari, durumu belirtilmek kosulu ile kabul edilebilir. Tim
otdrler bilimsel katki ve sorumluluklarini bildiren toplu imza
ile yayina katilmalidirlar.

YAZARLARA BILGI

Hastalar mahremiyet hakkina sahiptirler. Belirleyici bilgiler,
hasta isimleri ve fotograflar, bilimsel olarak gerekli olmayan
durumlarda ve hasta (ebeveyn veya koruyucu) tarafindan
yayinlanmasina yazili olarak bilgilendirilmis bir onay
verilmedigi stirece yayinlanmamalidir.

Bu amacla, bilgilendirilmis onay, hastanin yayinlanacak
belirli bir taslagl gérmesini gerektirir. Eger gerekli degilse
hastanin belirleyici detaylar yayinlanmayabilir. Tam bir
gizliligi yakalamak oldukca zordur ancak eger bir stiphe
varsa, bilgilendirilmis onay alinmalidir. Ornegin, hasta
fotograflarinda g6z bélgesini maskelemek, yetersiz bir
gizlilik saglanmasidir.

Yazarlar, takip edilen standartlarin, insan deneylerinden
sorumlu komitenin (kurumsal ve ulusal) etik standartlarina
ve 2013'de gozden gegirilmis 1964 Helsinki Beyannamesine
uygun oldugunu belirtmelidirler. Deney hayvani ile olan
calismalarda, yazarlar takip edilen standartlarin hayvan
haklarina (laboratuvar hayvanlarinin bakim ve kullanimi igin
rehber www.nap.edu/catalog/5140.html) uygun oldugunu ve
hayvan etik komitesinin onayini aldiklarini belirtmelidirler.
Etik kurul onayr ve bilgilendirilmig onam formu alindigi
arastirmanin “Gereg ve Yontem” boliimiinde belirtiimelidir.

Yazilarin bilimsel ve etik sorumluluklar yazarlara, telif hakki
ise Tirk Yogun Bakim Dergisi‘ne aittir. Yazilarin iceriginden
ve kaynaklarin dogrulugundan yazarlar sorumludur. Yazarlar,
yayin haklarinin devredildigini belirten onay belgesini (Yayin
Haklari Devir Formu) yazilari ile birlikte gtndermelidirler.
Bu belgenin tiim yazarlar tarafindan imzalanarak dergiye
gbnderilmesi ile birlikte yazarlar, génderdikleri calismanin
baska bir dergide yayinlanmadigi ve/veya yayinlanmak (izere
incelemede olmadigi konusunda garanti vermis, bilimsel katki
ve sorumluluklarini beyan etmis sayilirlar.

Makale Degerlendirmesi

Dergiye vyayimlanmak {izere gonderilen tiim yazlar
‘iThenticate’ programi ile taranarak intihal kontroliinden
gecmektedir. Intihal taramasi sonucuna gére yazilar red ya
da iade edilebilir.

Tim yazilar, editor ve ilgili editor yardimeilari ile en az iki
danisman hakem tarafindan incelenir. Yazarlar, yayina kabul
edilen yazilarda, metinde temel degisiklik yapmamak kaydi
ile editdr ve yardimcilarinin diizeltme yapmalarini kabul
etmis olmalidirlar.

Makalelerin formati Uniform Requirements for Manuscripts
Submitted to Biomedical Journals: Writing and Editing for
Biomedical Publication (http://www.icmje.org/) kurallarina
gore diizenlenmelidir.

incelemeye sunulan arastirmada olasi bir bilimsel hata,
etik ihlal stiphesi veya iddiasiyla karsilasilirsa, bu dergi
verilen yaziyr destek kuruluglarin veya diger yetkililerin
sorusturmasina sunma hakkini sakli tutar. Bu dergi sorunun
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diizglin bigimde takip edilmesi sorumlulugunu kabul eder
ancak gercek sorusturmayi veya hatalar hakkinda karar
verme yetkisini Uistlenmez.

Yayin Politikasi ve Makale Yazim Kurallari asagida belirtilen
maddeler “Recommendations for the Conduct, Reporting,
Editing, and Publication of Scholarly Work in Medical
Journals (ICMJE Recommendations)” (2016, http://www.
icmje.org/) temel alinarak hazirlanmistir.

Arastirma makalelerinin hazirligi, sistematik derleme, meta-
analizleri ve sunumu ise uluslararasi kilavuzlara uygun
olmalidir.

Randomize calismalar igin; CONSORT (Moher D, Schultz
KF, Altman D, for the CONSORT Group. The CONSORT
statement revised recommendations for improving
the quality of reports of parallel group randomized
trials. JAMA 2001; 285:1987-91) (http://www.consort-
statement.org/).

Sistematik derleme ve meta-analizlerin raporlamalari igin;
PRISMA [Moher D, Liberati A, Tetzlaff J, Altman DG, The
PRISMA Group. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS
Med 2009; 6(7): e1000097] (http://www.prisma-statement.
org/).

Tanisal degerli calismalar icin; STARD (Bossuyt PM, Reitsma
JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM, et al, for
the STARD Group. Towards complete and accurate reporting
of studies of diagnostic accuracy: the STARD initiative. Ann
Intern Med 2003;138:40-4) (http://www.stard-statement.
org/).

Gozlemsel calismalar igin; STROBE (http://www.strobe-
statement.org/).

Meta-analizleri ve gdzlemsel calismalarin sistematik
derlemeleri igin; MOOSE [Stroup DF, Berlin JA, Morton
SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting “Meta-analysis of
observational Studies in Epidemiology” (MOOSE) group.
JAMA 2000; 283: 2008-12].

YAZI GESITLERI

Ozgiin Arastirmalar

Yazinin timiinin 5000 kelimeden az olmasi gerekmektedir.
llk sayfa harig tiim yazilarin sag Ust koselerinde sayfa

numaralari bulunmalidir. Yazida, konunun anlasiimasinda
gerekli olan sayida ve icerikte tablo ve sekil bulunmalidir.

Baslik sayfasi, kaynaklar, sekiller ve tablolar ile ilgili kurallar
bu dergide basilan tiim yayin tiirleri igin gegerlidir.

1) Bashk Sayfasi (Sayfa 1)

Yazi basghginin, yazar(lar)in bilgilerinin, anahtar kelimelerin
ve kisa basliklarin yer aldigi ilk sayfadir.
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Tiirke yazilarda, yazinin Ingilizce baghgi da mutlaka yer
almalidir; yabanci dildeki yayinlarda ise yazinin Tiirkce
bagligi da bulunmalidir.

Tiirkge ve Ingilizce anahtar sozciikler ve kisa baslik da baslik
sayfasinda yer almalidir.

Yazarlarinisimleri, hangi kurumda galistiklari ve acik adresleri
belirtilmelidir. Yazismalarin yapilacagl yazarin adresi de
ayrica aclk olarak belirtilmelidir. Yazarlarla iletigimde
dncelikle e-posta adresi kullanilacagindan, yazismalarin
yapilacagi yazara ait e-posta adresi belirtilmelidir. Buna ek
olarak telefon ve faks numaralari da bildirilmelidir.

Calisma herhangi bir bilimsel toplantida dnceden bildirilen
kosullarda teblig edilmis ya da ozeti yayinlanmig ise bu
sayfada konu ile ilgili agiklama yapilmalidir.

Yine bu sayfada, dergiye génderilen yaz ile ilgili herhangi
bir kurulusun destegi saglanmigsa belirtilmelidir.

2) Ozet (Sayfa 2)

ikinci sayfada yazinin Tiirkge ve Ingilizce dzetleri (her biri
icin en fazla 200 sdzctik) ile anahtar s6zcikler belirtiimelidir.

Ozet bolimi; Amac, Gereg ve Yontem, Bulgular, Sonug
seklinde alt basliklarla diizenlenir. Derleme, olgu sunumu
ve egitim yazilarinda 6zet bélimd alt basliklara ayrilimaz.
Bunlarda @zet bélimi, 200 kelimeyi gegmeyecek sekilde
amaglar, bulgular ve sonug ctimlelerini icermelidir.

Ozet boluminde kaynaklar gosterilmemelidir.  Ozet
boliminde  kisaltmalardan ~ mimkiin oldugunca
kaciniimalidir.  Yapilacak  kisaltmalar  metindekilerden

bagimsiz olarak ele alinmalidir.

3) Metin (Ozetin uzunluguna gore Sayfa 3 veya 4'den
baslayarak)

Metinde ana basliklar sunlardir: Giris, Gereg ve Yontem,
Bulgular, Tartisma.

Girig bdlimd, calismanin mantigi ve konunun gegmisi
ile ilgili bilgiler icermelidir. Calismanin sonuglar giris
béltiminde tartigiimamalidir.

Gereg ve Yontem bolimi, calismanin tekrar edilebilmesi
icin yeterli ayrintilar icermelidir. Kullanilan istatistik
yontemler acik olarak belirtilmelidir.

Bulgular bélimii de calismanin tekrar edilebilmesine
yetecek ayrintilarr icermelidir.

Tartisma béliminde, elde edilen bulgularin dogru ve
ayrintili bir yorumu verilmelidir. Bu béltimde kullanilacak
literatiirtin, yazarlarin bulgular ile direkt iliskili olmasina
dikkat edilmelidir.

YAZARLARA BILGI

Tesekkir miimkiin oldugunca kisa tutulmalidir. Her tiirld
cikar catismasi, finansal destek, bagis ve diger editoryal
(istatistik analiz, ingilizce/T[]rkge degerlendirme) ve/veya
teknik yardim var ise metnin sonunda sunulmalidir.

Metinde fazla kisaltma kullanmaktan kaginilmalidir. Tim
kisaltilacak terimler metinde ilk gectigi yerde parantez
icinde belirtiimelidir. Ozette ve metinde yapilan kisaltmalar
birbirinden bagimsiz olarak ele alinmalidir. Ozet bélimiinde
kisaltmasi yapilan kelimeler, metinde ilk gectigi yerde tekrar
uzun sekilleri ile yazilip kisaltiimalidirlar.

4) Kaynaklar
Kaynaklarin gercekliginden yazarlar sorumludur.

Kaynaklar metinde gegis sirasina gére numaralandiriimalidir.
Kullanilan kaynaklar metinde parantez iginde belirtilmelidir.

Kisisel goriismeler, yayinlanmamis veriler ve heniiz
yayinlanmamis calismalar bu bdlimde degil, metin iginde
su sekilde verilmelidir: [isim(ler), yayinlanmamis veri, 19...].

Kaynaklar listesi makale metninin sonunda ayri bir sayfaya
yazilmalidir. Altidan fazla yazarin yer aldi§i kaynaklarda 6.
isimden sonraki yazarlar icin “et al” (“ve ark”) kisaltmasi
kullaniimalidir. - Dergi isimlerinin  kisaltmalari  Index
Medicus'taki stile uygun olarak yapilir. Tim referanslar
Vancouver sistemine gore asagidaki sekilde yazilmalidir.

a) Standart Makale: Intiso D, Santilli V, Grasso MG, Rossi R,
Caruso |. Rehabilitation of walking with electromyographic
biofeedback in foot-drop after stroke. Stroke 1994;25:1189-92.

b) Kitap: Getzen TE. Health economics: fundamentals of
funds. New York: John Wiley & Sons; 1997.

¢) Kitap Béltim: Porter RJ, Meldrum BS. Antiepileptic drugs.
In: Katzung BG, editor. Basic and clinical pharmacology. 6th
ed. Norwalk, CN: Appleton and Lange; 1995. p. 361-80.

Birden fazla editor varsa: editors.

d) Toplantida Sunulan Makale: Bengtsson S, Solheim BG.
Enforcement of data protection, privacy and security in
medical informatics. In: Lun KC, Degoulet P, Piemme TE,
Reinhoff 0, editors. MEDINFO 92. Proceedings of the 7th
World Congress on Medical Informatics; 1992 Sep 6-10;
Geneva, Switzerland. Amsterdam: North-Holland; 1992. p.
1561-5.

e) Elektronik Formatta Makale: Morse SS. Factors in the
emergence of infectious disease. Emerg Infect Dis [serial
online] 1995 1(1):[24 screens]. Available from:s URL:http://
www/cdc/gov/ncidoc/EID/eid.htm. Accessed December
25, 1999.
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f) Tez: Kaplan S. Post-hospital home health care: the elderly
access and utilization (thesis). St. Louis (MQ): Washington
Univ; 1995.

5) Tablolar, Grafikler, Sekiller, Resimler

Tum tablolar, grafikler veya sekiller ayri bir kagida
basilmalidir. Her birine metinde gecis sirasina gore
numara verilmeli ve kisa birer baglik yazilmalidir. Kullanilan
kisaltmalar alt kisimda mutlaka aciklanmalidir. Ozellikle
tablolar metni aciklayici ve kolay anlagilir hale getirme
amaci ile hazirlanmali ve metnin tekrari olmamalidir.
Baska bir yayindan alinti yapiliyorsa yazili baski izni birlikte
yollanmalidir. Fotograflar parlak kagida basiimalidir. Cizimler
profesyonellerce yapilmali ve gri renkler kullaniimamalidir.

0Ozel Boliimler

1) Derlemeler: Dergiye derlemeler editdrler kurulu daveti
ile kabul edilmektedir. Derginin ilgi alanina giren derlemeler
editérlerce degerlendirilir.

2) Olgu Sunumlarn: Nadir gérilen ve onemli klinik
deneyimler sunulmalidir. Giris, olgu ve tartisma boltimlerini
icerir.

3) Editore Mektuplar: Bu dergide yayinlanmis makaleler
hakkinda  yapilan  degerlendirme  yazilandir.  Editor
gbnderilmis mektuplara yanit isteyebilir. Metnin bélimleri
yoktur.

Yazisma Adresi

Tum yazismalar dergi editérliguntn asagida bulunan posta
veya e-posta adresine yapilabilir.

Tirk Yogun Bakim Dernegi

Adres: indnii Cad. Isik Apt. No: 53 Kat: 4, 34437 Istanbul, Tiirkiye

Tel.: 490212292 92 70

Faks: +90 212 292 92 71

Web sayfasi: www.yogunbakimderg.com

E-posta: dergi@yogunbakim.org.tr
info@yogunbakim.org.tr
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INSTRUCTIONS TO AUTHORS

Turkish Journal of Intensive Care is the periodical of
the Turkish Society of Intensive Care. The journal is an
independent, peer-reviewed international, published
quarterly in April, August, December.

Submitted manuscripts to Turkish Journal of Intensive
Care are subjected for double-blind peer-review.
The journal publishes articles in Turkish and English
languages.

The abbreviation of the Turkish Journal of Intensive Care
is “Turk J Intensive Care”. It should be denoted as it when
referenced.

It publishes original experimental and clinical researches,
case reports, invited reviews, editorial comments, letters
to editor on topics related to intensive care, and poster
abstracts presented in national intensive care congresses/
meetings. The scientific board guiding the selection of the
papers to be published in the journal consists of elected
experts of the journal and if necessary, selected from
national and international authorities.

Turkish Language Institution dictionary and orthography
guide should be taken as basic for literary language for
Turkish manuscripts.

Submission of Manuscripts

Turkish Journal of Intensive Care does not charge any
article submission or processing charges.

Manuscripts can only be submitted electronically through
the web site http://www.journalagent.com/tybdd/ after
creating an account. This system allows online submission
and review.

The ORCID (Open Researcher and Contributor ID) number
of the correspondence author should be provided while
sending the manuscript. A free registration can be done at
http://orcid.org

The manuscripts are archived according to International
Committee of Medical Journal Editors (ICMJE), Index
Medicus (Medline/PubMed) and Ulakbim-Turkish Medicine
Index rules. Rejected manuscripts, except artwork are not
returned.

In clinical trials in which the approval ethics committee is
prerequisite, the certificate of approval (including approval
number) will be requested by the editor/assistant editors.

The authors should guarantee that their manuscript has not
been published and/or is under consideration for publication
in any other periodical. Only those data presented at scientific
meetings in form of abstracts that does not exceed 200
words could be accepted for consideration if notification of
the scientific conference is made. The signed statement of
scientific contributions and responsibilities of all authors, and
statement on the absence of conflict of interests are required.

Patients have a right to privacy. Identifying information,
including the patients’ names should not be published
in written descriptions, and photographs, unless the
information is scientifically essential and the patient (or
parent or guardian) gives written informed consent for
publication.

|dentifying the patient details should be omitted if they
are not essential. Complete anonymity is difficult to
achieve, however, informed consent should be obtained
if there is any doubt. For example, covering eyes with
a band in the photographs is not sufficient to ensure
confidentiality.

Authors should indicate in manuscript that the procedures
followed were in accordance with the ethical standards
of the responsible committee on human experimentation
(institutional and national) and with the Helsinki Declaration
of 1964, revised 2013. In experimental animal studies the
authors should indicate that the procedures followed were
in accordance with animal rights (Guide for the care and
use of laboratory animals. www.nap.edu/catalog/5140.
html) and obtain animal ethics committee approval. The
approval of the ethics committee and the fact that informed
consent was given by the patients should be indicated in
the Materials and Methads section.

The scientific and ethical liability of the manuscripts
belongs to the authors and the copyright of the manuscripts
belongs to the Turkish Journal of Intensive Care. Authors
are responsible for the contents of the manuscript and
accuracy of the references. All manuscripts submitted for
publication must be accompanied by the Copyright Transfer
Form [copyright transfer]. Once this form, signed by all the
authors, has been submitted, it is understood that neither
the manuscript nor the data it contains have been submitted
elsewhere or previously published and authors declare the
statement of scientific contributions and responsibilities of
all authors.

The Review Process

All manuscripts submitted to the Turkish Journal of
Intensive Care are screened for plagiarism using the
‘iThenticate” software. Results indicating plagiarism may
result in manuscripts being returned or rejected.

All manuscripts are reviewed by editor, related associate
editor and at least two experts/referees. The authors of the
accepted manuscript for publication should be in consent
of that the editor and the associate editors can make
corrections without changing the main text of the paper.
Manuscripts format should be in accordance with Uniform
Requirements for Manuscripts Submitted to Biomedical
Journals: Writing and Editing for Biomedical Publication
(available at http://www.icmje.org/)

A-VI

In case of any suspicion or claim regarding scientific
shortcomings or ethical infringement, the Journal reserves
the right to submit the manuscript to the supporting
institutions or other authorities for investigation. The
Journal accepts the responsibility of initiating action
but does not undertake any responsibility for an actual
investigation or any power of decision.

The Editorial Policies and General Guidelines for
manuscript preparation specified below are based on
“Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (ICMJE
Recommendations)” by the International Committee of
Medical Journal Editors (2016, archived at http://www.
icmje.org/).

Preparation of research articles, systematic reviews
and meta-analyses must comply with study design
guidelines:

CONSORT statement for randomized controlled trials
(Moher D, Schultz KF, Altman D, for the CONSORT Group.
The CONSORT statement revised recommendations
for improving the quality of reports of parallel group
randomized trials. JAMA 2001; 285: 1987-91) (http://www.
consort-statement.org/);

PRISMA statement of preferred reporting items for
systematic reviews and meta-analyses (Moher D, Liberati
A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 2009; 6(7):
21000097.) (http://www.prisma-statement.org/);

STARD checklist for the reporting of studies of diagnostic
accuracy (Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis
CA, Glasziou PP, Irwig LM, et al., for the STARD Group.
Towards complete and accurate reporting of studies of
diagnostic accuracy: the STARD initiative. Ann Intern
Med 2003;138:40-4.) (http://www.stard-statement.
org/);

STROBE statement, a checklist of items that should be
included in reports of observational studies (http://www.
strobe-statement.org/);

MOOSE guidelines for meta-analysis and systemic reviews
of observational studies (Stroup DF, Berlin JA, Morton SC, et
al. Meta-analysis of observational studies in epidemiology:
a proposal for reporting Meta-analysis of observational
Studies in Epidemiology (MOOSE) group. JAMA 2000; 283:
2008-12).

MANUSCRIPT TYPES
Original Researches

Manuscript should not exceed 5000 words. All pages of
manuscript should be numbered at right top corner except
the title page. In order to be comprehensible, papers should
include sufficient number of tables and figures.
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INSTRUCTIONS TO AUTHORS

The style for title page, references, figures and tables
should be unique for all kind of articles published in this
journal.

1) Title Page (Page 1)

This page should include the titles of the manuscript,
knowledge about author(s), key words and running titles.

English title should take place for every article in the title
page. Likely, Turkish title should be mentioned for articles
in foreign language.

Turkish and English key words and running titles should also
be included in the title page.

The names and full postal addresses (including
institutions addresses) of authors and the author to whom
correspondence is to be addressed should be indicated
separately. Especially as e-mail addresses will be used for
communication, e-mail address of the corresponding author
should be stated. In addition, telephone and fax numbers
must be natified.

If the content of the paper has been presented before, the
time and place of the conference should be denoted.

If there are any grants and other financial supports by any
institutions or firms for the study, information must be
provided by the authors.

2) Summary (Page 2)

In the second page, Turkish and English summaries of the
manuscript (maximum 200 words for each), and the key
waords should take place.

The summary consists of the following sections separately:
Objective, Materials and Methods, Results, Conclusion.
Separate sections are not used in the summaries for the
review articles, case reports and educational articles.
For these articles, the summaries should not exceed 200
words and briefly present the scope and aims of the study,
describe the salient findings and give the conclusions.

The references should not be cited in the summary section. As
far as possible, use of abbreviations are to be avoided. If any
abbreviations are used, they must be taken into consideration
independently of the abbreviations used in the text.

3) Text (According to the length of the summaries
Page 3 or 4 and etc.)

The typical main headings of the text are as follows:
Introduction, Materials and Methods, Results, Discussion.

The introduction, part should include the rationale for
investigation and the background of the present study.
Results of the present study should not be discussed in
introduction part. Materials and methods section should be
presented in sufficient detail to permit the repetition of the
waork. The statistical tests used should be stated.

Results should also be given in detail to allow the
reproduction of the study.

Discussion section should provide a thorough interpretation
of the results. It is recommended that citations should
be restricted to those which relate to the findings of the
authors.

Acknowledgements should be as brief as possible. Any
technical or financial support or editorial contributions
(statistical analysis, English/Turkish evaluation) towards
the study should appear at the end of the article.

The excessive use of abbreviations is to be avoided.
All abbreviations should be defined when first used by
placing them in brackets after the full term. Abbreviations
made in the abstract and text are separately taken into
consideration. Abbreviations of the full terms that are made
in the abstract must be re-abbreviated after the same full
term in the text.

4) References

Accuracy of reference data is the author's responsibility.
References should be numbered according to the
consecutive citation in the text. References should be
indicated by parenthesis in the text.

Personal  communications, unpublished observations,
and submitted manuscripts must be cited in the text as
“(name(s), unpublished data, 19...)".

The reference list should be typed on a separate page at the
end of the manuscript and if there are more than 6 authors,
the rest should be written as ‘et al" or ‘ve ark.” Journal
titles should be abbreviated according to the style used
in the Index Medicus. All the references should be written
according to the Vancouver system as follows:

a) Standard Journal Article: Intiso D, Santilli V, Grasso
MG, Rossi R, Caruso |. Rehabilitation of walking with
electromyographic biofeedback in foot-drop after stroke.
Stroke 1994;25:1189-92.

b) Book: Getzen TE. Health economics: fundamentals of
funds. New York: John Wiley & Sons; 1997.

¢) Chapter of a Book: Porter RJ, Meldrum BS. Antiepileptic
drugs. In: Katzung BG, editor. Basic and clinical
pharmacology, 6th ed. Norwalk, CN: Appleton and Lange;
1995. p. 361-80.

If more than one editor: editors.

d) Conference Papers: Bengtsson S, Solheim BG.
Enforcement of data protection, privacy and security in
medical informatics. In: Lun KC, Degoulet P, Piemme TE,
Reinhoff 0, editors. MEDINFO 92. Proceedings of the 7th
World Congress on Medical Informatics; 1992 Sep 6-10;
Geneva, Switzerland. Amsterdam: North-Holland; 1992. p.
1561-5.
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e) Journal on the Internet (e-Publishing): Morse SS. Factors
in the emergence of infectious disease. Emerg Infect Dis
[serial online] 1995 1(1):[24 screens]. Available from:s
URL: http://www/cdc/gov/ncidoc/EID/eid.htm. Accessed
December 25, 1999.

f) Thesis: Kaplan SI. Post-hospital home health care: the
elderly access and utilization (thesis). St. Louis (MO):
Washington Univ; 1995.

5) Tables, Graphics, Figures, and Pictures

All tables, graphics or figures should be presented on a
separate sheet. All should be numbered consecutively
and a brief descriptive caption should be given. Used
abbreviations should be explained further in the figure's
legend. Especially, the text of tables should be easily
understandable and should not repeat the data of the main
text. lllustrations that already published are acceptable
if supplied by permission of authors for publication.
Photographs should be printed on glossy paper. Figures
should be done professionally and no gray colors be used.

Special Parts

1) Reviews: The reviews within the scope of the journal
will be taken into consideration by the editors; also the
editors may solicit a review related with the scope of the
journal from any authorized person in the field.

2) Case Reports: Case reports should present important
and unique clinical experience. It consists of the following
parts: Introduction, case, discussion.

3) Letters to the Editor: Views about articles published
in this journal. The editor invites respanses to letters as
appropriate. Letters may be shortened or edited. There are
no separate sections in the text.

Address for Correspondence

All correspondences can be done to the following postal
address or to the following e-mail address, where the
journal editorial resides:

Tirk Yogun Bakim Dernegi

Address: inénii Cad. Isik Apt. No: 53 Kat: 4, 34437 lstanbul,
Turkey

Phone: +90 212 292 92 70

Fax: +90 212292 92 71

Web page: www.yogunbakimderg.com

E-mail: dergi@yogunbakim.org.tr
info@yogunbakim.org.tr
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Introduction end organ injuries, and myocardial and acute kidney injuries
(AKls) (1).

In this overview, we will focus on perioperative AKI.
Although the importance of immediate perioperative factors
in AKI formation is obvious, patients’ age and baseline

Perioperative management of surgical patients has
been constantly improving within the past few decades.
Improvements in safe anesthesia practices decreased
intraoperative and immediate postoperative mortality to
negligible levels, but when the perioperative focus expands
to 30-day range, there's about a 2% mean mortality rate Baseline Risk Factors for AKI
in non-cardiac and non-obstetric surgery (1). Interestingly, There are a few validated prediction scores for
this relatively high mortality rate is strongly associated with perioperative AKl including the frequently utilized “Dialysis

confounding factors play very significant roles as well (2,3).
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Risk After Cardiac Surgery” (Cleveland Clinic Score by
Thakar) (4), “AKl risk after surgery” (Postop-MAKE by Woo)
(5), and “Simple Postoperative AKI Risk Classification before
Non-cardiac Surgery” (SPARK by Park) (Table 1a, b, c) (6).
These scores were built from multicentric clinical databases
including data from thousands of perioperative patients.
Although there are specific confounders depending on the
type of surgery and the environment, the following factors
are commonly found in most of the risk scores: age, gender,
baseline kidney functions, hypertension, congestive heart
failure, type of surgery and acuity level of surgery, baseline
laboratory values [specifically hemoglobin (Hb), sodium,
albumin levels], history of diabetes (insulin dependent
vs. non-dependent). Calculated value of each of these
confounding factors are different depending on the context.
Unfortunately, most of these risk factors are ever non-
modifiable in the immediate perioperative period (e.g., age,
baseline kidney functions, congestive heart failure), some
of them are potentially modifiable within the immediate
preoperative period (e.g., Hb, sodium levels, hypertension,
duration of surgery).

Preventive role of modifiability of these factors is a good
question on its own and requires testing in prospective
interventional trials. On the other hand, confounding roles
of these factors cannot be underestimated. Therefore, we

Table 1a. AKI risk prediction scores. Cleveland Clinic score
(Thakar)

Risk Factors

Female gender

Congestive heart failure

Left ventricular ejection fraction <35%

Preoperative use of IABP
COPD

Insulin-requiring diabetes

Emergency surgery

Valve surgery only (reference to CABG)

CABG + valve (reference to CABG)

Other cardiac surgeries

1
1
1
2
1
1
Previous cardiac surgery 1
2
1
2
2

Preoperative creatinine 1.2 to <2.1 mg/dL
(reference to 1.2)

Preoperative creatinine >2.1 (reference to 1.2) 5

JaMinimum score, 0; maximum score, 17. AKI: Acute kidney injury, IABP: intra-
aortic balloon pump, COPD: chronic obstructive pulmonary disease, CABG:
coronary artery bypass graft
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strongly recommend using above mentioned perioperative
AKI risk scores or any other institute-specific prediction
system when approaching perioperative patients.

Definition of Acute Kidney Injury

There are multiple clinical definitions of AKI Kidney
Disease: Improving Global Outcomes (KDIGO), Risk Injury
Failure, Loss, End-stage, and Acute Kidney Injury Network.
All 3 of these established criteria use changes in creatinine
levels and urine output to assess and level the disease
process of AKI (Table 2).

Within the definitions provided, KDIGO gained more
interest, which may help in the means of communication of
a common medical language.

Role of Perioperative Hypotension

Intraoperative hypotension is one of the factors which
has recently gained a lot of interest due to its strong
associations with perioperative AKI. Cumulative evidence
suggests that on a population basis, intraoperative mean
arterial pressures (MAP) less than 60 to 70 mmHg are
associated with myocardial injury, AKI, and death in adults
having non-cardiac surgery (7-10). The risk was moderately
increased with exposures to MAP less than 65 to 60 mmHg
for at least 5 min, or any exposure to MAP less than 55 to 50
mmHg (11). High risk of any end-organ injury was reported
for exposures to MAP less than 65 mmHg for at least 20
min, MAP less than 50 mmHg for at least 5 min, or any
exposure to MAP less than 40 mmHg (11).

Perioperative hypotension is a modifiable factor, one
can test the hypothesis that whether optimization of
perioperative blood pressure (BP) with various approaches
prevent organ injuries and accordingly decrease perioperative
mortality (12,13). Hypotension during and after non-cardiac
surgery is multifactorial in origin, including baseline patient-
specific confounders, anesthetic pharmacological effects,
and surgical procedural factors (14,15). In non-cardiac and
non-obstetric surgeries of adult patients, intraoperative
hypotension is associated with >10% of AKI, which ~2%
of these become persistent AK| extending beyond 90-day
period (16). Postoperative hypotension is also common and
may also impact organ injury. Mild vs. profound hypotension
can be prolonged in the postoperative phase, but largely
can be missed due to the conventional intermittent low-
frequency vital sign monitoring (meaning hourly to once in
every 8 hours) (12).
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Table 1b. Postop-MAKE by Woo et al (5). Predictors of postoperative AKI requiring dialysis

Characteristics Coefficient SEM p-value '.Adj usted odds ratio (35% confidence
interval)

Intercept -9.228 0.122 <0.001

Age, peryr 0.012 0.001 <0.001 1.01 (1.01 to 1.02)

Ascites 0.971 0.089 <0.001 2.64(2.22t0 3.14)

Congestive heart failure 0.832 0.059 <0.001 2.30(2.05to 2.58)

Emergency surgery 0.773 0.042 <0.001 2.17 (2.00 to 2.35)

Hypertension requiring medication 0.440 0.038 <0.001 1.55(1.44 to 1.67)

Diabetes, reference: no diabetes
Insulin dependent 0.667 0.04 <0.001 1.95(1.79to 2.12)
Non-insulin dependent 0.219 0.05 <0.001 1.25(1.14 to 1.36)

Serum sodium, reference: 135.1-145, mEq/L
0-130 0.328 0.07 <0.001 1.39 (1.21 to 1.60)
130.1-135 0.193 0.04 <0.001 1.21(1.12to 1.31)
>145 0.390 0.09 <0.001 1.48 (1.24t0 1.76)
Missing -0.165 0.18 0.36 0.85(0.59 to 1.21)

Serum hematocrit, reference: >30, %
0-24 0.802 0.07 <0.001 2.23(1.93t0 2.57)
24.1-30 0.688 0.04 <0.001 1.99 (1.83 t0 2.16)
Missing -0.582 0.16 <0.001 0.56 (0.40 to 0.78)

Preoperative sepsis, reference: no
SIRS 0.959 0.06 <0.001 2.61(2.34t0 2.91)
Sepsis 1.238 0.06 <0.001 3.5(3.09 to 3.85)
Septic shock 2.116 0.06 <0.001 8.30(7.35t09.38)

Surgery type, reference: anorectal, appendix
ENT 0.255 0.37 0.49 1.29 (0.62 to 2.68)
Bariatric, stomach, esophagus 1.425 0.12 <0.001 4.16 (3.24 t0 5.33)
Brain 0.872 0.21 <0.001 2.39(1.58t0 3.61)
Cardiac 2.864 0.14 <0.001 17.53 (13.30 to 23.09)
Endocrine, thyroid, parathyroid, adrenal, breast -0.427 0.20 0.04 0.65 (0.44 to 0.97)
Gallbladder, biliary tract 0.555 0.14 <0.001 1.74 (1.33 t0 2.29)
Hernia, peritoneum, omentum, diverticul 0.920 0.12 <0.001 2.51(1.98t0 3.18)
Intestine (not rectum) 1.690 0.11 <0.001 5.42 (4.36t0 6.73)
Liver, pancreas, spleen 2.565 0.13 <0.001 13.00 (10.16 to 16.64)
OBGYN 0.203 0.17 0.24 1.23(0.87t0 1.72)
Orthopedic lower extremity, pelvis 0.732 0.11 <0.001 2.08 (1.7 to 2.62)
Orthopedic upper extremity, shoulder 0.020 0.26 0.94 1.02 (0.61 to 1.70)
Skin, subcutaneous, other musculoskeletal 0.909 0.12 <0.001 2.48 (1.93to 3.20)
Spine 0.593 0.14 <0.001 1.81(1.35t0 2.42)
Thoracic (non-esophageal) 1.913 0.15 <0.001 6.77 (5.06 t0 9.07)
Urology 1.590 0.12 <0.001 4,90 (3.85to 6.25)
Vascular (endovascular aneurysm repair) 2.310 0.15 <0.001 10.07 (7.50 to 13.53)
Vascular (open aorta surgery) 3.993 0.13 <0.001 54.20 (42.19 to 69.64)
Vascular (other) 1.709 0.12 <0.001 5.53 (4.37 t0 6.98)

Preoperative serum creatinine per 1 mg/dL 0.449 0.01 <0.001 1.57 (1.54 to 1.59)

SIRS: Systemic inflammatory response syndrome, ENT: ear, nose, throat, OBGYN: obstetrics and gynecology, SEM: scanning electron microscopy, AKI: Acute kidney injury
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Table 1c. SPARK by Park et al. (6)

Perioperative risk factors Scores

Age (years)

<40y 0

>40and <60y

>60and <80y

280y 13

eGFR (mL/min per 1.73 m?)

260 0

245 and <60 8

>30 and <45 15

>15and <30 22

Dipstick albuminuria (urine alb >1+) 6

Sex

Female

Male

Expected surgical duration (hours)

Expected duration X5

Emergency procedure 7

Baseline confounders

Diabetes mellitus 4

RAAS blockade use 6

Hypoalbuminemia (<3.5 g/dL) 8

Anemia (<12 g/dL for female, <13 g/dL for male) 4

Hyponatremia (<135 mEq/L) 3

SPARK class Total score AKI Critical AKI

A <20 Less likely (<2%) Less likely (<2%)
B >20 and <40 Possible (=2%) Less likely (<2%)
C >40 and <60 At risk (=10%) Possible (>2%)
D >60 Definite risk (=20%) At risk (210%)

eGFR: Estimated glomerular filtration rate, RAAS: renin-angiotensin-aldosterone system, alb: albumin, AKI: Acute kidney injury

Perioperative Oxygen Delivery & Impact on Organ
Injury

BP which is a product of cardiac output (CO) and systemic
vascular resistance (SVR) is only one of the factors altering
organ-tissue perfusion [BP = CO x SVR]. When considering
tissue and organ oxygenation and perfusion, the first thing
comes to mind is oxygen delivery.

The two components of oxygen delivery are 1) availability
and transportability of oxygen (main substrate & carrier;
oxygen & Hb), and 2) the flow needed to deliver oxygen
(CO) (Table 3). Great majority of oxygen is being carried

Turk J Intensive Care 2023;21:153-61

by Hb. In addition to oxygen's availability, its delivery also
depends upon cardiac functionality. CO is the product of
stroke volume and heart rate, and BP/SVR. When we adopt
global oxygen delivery physiology to the tissue level, we
realize that we need to stick with the same principles. In
short, availability of oxygen to the tissues and blood flow
which helps transportation of that oxygen. Therefore, tissue
oxygenation and perfusion together assure the delivery of
oxygen to the peripheral tissues and end organs.

We may consider giving a new spin to ischemia-based
AKI. If ischemia can be explained by decreased DO, and
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Table 2. AKI stages-KDIGO, RIFLE, and AKIN
AKI stage KDIGO RIFLE AKIN Urine output
. Increase 0.3 mg/dL within 48 h | Increase x1.5 baseline or GFR Increase 1.5-1 '.9X from ba.sel.me <0.5 mL/kg/h for
1. Risk . or 20.3 mg/dL increase within
or >1.5- to 2x from baseline decrease >25% 48 h 6-12h
Increase x2 from baseline Increase >2- to 3-x from <0.5 mL/kg/h for
2. Injury 2.0-2.9x from baseline or GFR b oh 9
decreased >50%
3.0x from baseline orincrease in
creatinine to >4.0 mg/dL or Increase x3 from baseline, or | Increased >300% (>3x) from
s ; . . . . <0.3 mL/kg/h for
. initiation of RRT or, in patients creatinine >4 mg/dL) baseline, or 4.0 mg/dL with an .
3. Failure . . . 24 h or anuria for
<18 years, with an acute rise >0.5 mg/dL | acute increase of 0.5 mg/dL or 12h
decrease in eGFR to <35 mL/min | or GFR decreased >75% on RRT
per 1.73 m?
KDIGO: Kidney Disease: Improving Global Outcomes, RIFLE: The Risk, Injury, Failure, Loss, End-Stage, AKIN: Acute Kidney Injury Network, RRT: renal replacement therapy,
GFR: glomerular filtration rate, eGFR: estimated glomerular filtration rate, AKI: acute kidney injury

Table 3. Blood pressure, cardiac output, & oxygen delivery

BP=COxSVR

CO=BP/SVR

DO, = CO X Ca0,

CO=HRxSV

Ca0, = (SO, x 1.34 x Hb) + (Pa0, x 0.003)

following Formula:

If we adjust the relevant components of DO, and ignore the very small contribution of PaO, component, then we will end up with the

DO, = [BP / SVR] x [SO, x 1.34 x Hb]

BP: Blood pressure, SVR: systemic vascular resistance, CO: cardiac output, SV: stroke volume, Hb: hemoglobin

if the main components of DO, are BE SO,, and Hb (also
reversely by SVR), then we can extrapolate that directly
positive effects of BP SO,, and Hb, and negative effects of
SVR impacts oxygen delivery. In a recent post-hoc analysis,
from these components, von Groote and Zarbock showed
that hypotension and low CO contributed to 2-2.5x more
AKI (17).

Another important component to consider in MINS is the
total Hb level and decrease in Hb level in the perioperative
period. MINS was associated with a hazard ratio of 1.29
[95% confidence interval (Cl), 1.17-1.42] with each unit
reduction of postoperative Hb after adjusting for iron
deficiency anemia and anemia of chronic disease in the time-
varying Cox model (18).

Role of Nephrotoxic Agents

Agent-induced nephropathy is a type of renal dysfunction,
which occurs after exposure to nephrotoxic drugs. It is a
relatively common pathology for patients with underlying
renal dysfunction, or confounding cardiovascular disease,

diabetes mellitus, and increased inflammatory diseases like
sepsis. Nephrotoxic drugs can cause mild to moderate organ
injury such as intrarenal obstruction, interstitial nephritis,
acid-base changes, fluid-electrolyte disturbances, changes in
intraglomerular hemodynamics, renal tubular inflammation,
and persistent renal tissue injury leading to AKI and chronic
kidney injury.

There are many nephrotoxic drugs and drug combinations:
Beta-lactam antibiotics such as piperacillin-tazobactam
(especially in combination with vancomycin), cephalosporin-
aminoglycoside combinations, rifampin, polymyxins/colistin,
non-steroidal anti-inflammatory drugs, acetaminophen,
interferon, proton pump inhibitors, bisphosphonates,
lithium, various chemotherapeutic agents (e.g. mitomycin,
gemcitabine), cisplatin, cyclosporin A, methotrexate, ACE
inhibitors, anabolic androgenic steroids, TNF-alpha inhibitors,
amphotericin B, dextrans, and contrast dyes.

Following the early signs of adverse effects of drugs and
reviewing a patient’s baseline renal function, drug-related
risk factors, and nephrotoxic drug combinations need to
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be closely addressed to prevent nephrotoxicity and the
progression of AKI.

Biomarkers of Organ Injury

In perioperative AKI, mechanisms of short-term volume
depletion-triggered and ischemia-triggered injuries are
likely different, but their clinical phenotypes are similar (i.e.,
creatinine increase and urine output decrease). Ischemic
insult provokes cell injury and repair (which upregulates
ERB, MAPK) and inflammatory genes (such as TLR, NFKB,
JAK/STAT, chemokines) (19). Macrophages and CD4 T-cells’
overexpression of Lcn2 could induce intrinsic resistance
to ischemia, causing protection from kidney ischemia-
reperfusion (I/R) injury (20,21). Lipocalin (NGAL), despite
being a potential biomarker for renal injury, has been shown
to have protective effects in ischemic AKI by inhibition of
tubular cell death and induction of antioxidant genes (22).

Tissue inhibitor of metalloproteinases-2 (TIMP-2)
and insulin-like growth factor binding protein-7 (IGFBP-7)
are released during cell cycle arrest, which makes them
potentially sensitive and specific biomarker molecules
for diagnosing AKI (23). During cell damage, cell cycle
arrest serves as a protective mechanism to get around the
replication of damaged DNA (24). Renal cells’ cell cycle
arrest is possibly an adaptive response due to tissue damage
mediated by surrounding cells through the release of TIMP-2
and IGFBP-7 (24). Combined presence of TIMP-2 and IGFBP-
7, along with a change in creatinine, could potentially predict
renal adverse events with better sensitivity and specificity.
NephroCheck (Astute Medical, USA), which tests presence
of both TIMP-2 and IGFBP-7 was authorized by Food and
Drug Administration in 2014 as a point-of-care urinary
biomarker assay to evaluate AKI development (25). In spite
of NephroCheck’s predictive role in critically ill patients” AKI,
it's role in distinguishing temporary injury from persistent
AKI or acute kidney disease (AKD) is unclear (26).

Compared to ischemia or ischemic tissue damage
triggered AKI, volume depletion-triggered AKI promotes
adaptive appearing metabolic pathways (i.e. TCA,
gluconeogenesis, oxidative phosphorylation, respiratory
electron transport) (27). In volume depletion-triggered AKI,
upregulated genes are typically localized to the cortex and
inner stripe of the outer medulla, and this type of injury
appears to cause more transient triggers such as PAPPA2
gene (metalloproteinase secreted by the thick ascending
loop of Henle) expression. However, in theory, an extended
duration of volume depletion stimulus with or without a

Turk J Intensive Care 2023;21:153-61

secondary injury (e.g., nephrotoxins) may impact the volume
depletion injury to progress to ischemia-based injury,
meaning temporary AKI to persistent AKI vs. AKD. Also,
it's noteworthy that NGAL rapidly stimulated by ischemic
injury, is in fact not responsive to the volume depletion injury
despite the similar elevations in creatinine levels (28,29).

It looks like the absence of permanent injury in most AKI
is due to volume depletion mechanisms and renal protective
factors such as prostaglandins, NO, NGAL, and hypoxia
inducible factor, but instead of being conclusive statements,
these are likely testable hypotheses at this point. In the
light of current evidence, NGAL and TIMP-2 & IGFBP-7
combination appears to be only available and somewhat
guiding biomarkers.

Kidney Disease: Improving Global Outcomes Guidelines

These guidelines aimed to provide a bundle of potentially
preventive strategies for the patients who are at high
risk for developing AKI. The bundle includes avoidance
of nephrotoxic agents, contrast dyes, maintenance of
intravascular volume status and perfusion pressure,
maintenance of normoglycemia, monitoring of creatinine
and urine output, and functional hemodynamic monitoring
(Table 4) (30).

A recent randomized controlled clinical trial (PrevAKI)
showed that biomarker-guided implementation of the KDIGO
guidelines as compared with standard care significantly
reduced the occurrence of AKI in cardiac surgery patients
[absolute risk reduction, 16.6% (95 Cl, 5.5-27.9%)I;
p=0.004 (31).

Other Preventive Measures of Perioperative AKI

As previously mentioned, the application of nephrotoxic
agents is associated with AKI. Surgical patients are
frequently exposed to contrast agents or anti-inflammatory
drugs. Avoidance of these agents are recommended. As
stated before, prevention of hypotension and related blood
flow decreases in kidneys need to be prevented, and
intravascular volume status needs to be optimized. The
choice of intravenous fluids plays an important role in the
development of AKI. Isotonic saline 0.9% has high chloride
content, which may cause hyperchloremic acidosis and renal
vasoconstriction, resulting in a reduced glomerular filtration
rate (32) and a higher incidence of AKI (33). Therefore,
balanced crystalloid solutions with electrolyte compositions
compared with plasma should be preferred for volume
resuscitation.
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Table 4. Summary of KDIGO guidelines

Recommendations of the KDIGO guidelines can be summarized as follows:

1) Discontinuation of nephrotoxic agents

2) Optimization of volume status and hemodynamics [stroke volume (SV), SV based cardiac output monitor use suggested)

a) If stroke volume variation (SVV) =11, then give 500 to 1000 mL of crystalloid

b) IF SVV <11, but cardiac index (Cl) <3 L/min/m?, then consider starting dobutamine (or epinephrine)

) IFSVV <11, CI >3 L/min/m?, but MAP <65 mmHg, then consider starting norepinephrine

d) Repeat following above volume state and hemodynamic parameters in frequent intervals

3) Consideration of functional hemodynamic monitoring

)
4) Close monitoring of serum creatinine and urine output
)

5) Avoidance of hyperglycemia

6) Consideration of alternatives of radiocontrastagents

KDIGO: Kidney Disease: Improving Global Outcomes, MAP: mean arterial pressures

Arterial hypotension is a frequent result of hypovolemia,
but also occurs in association with multiple other etiologies.
AKl is associated with intraoperative hypotension in a graded
fashion. Therefore, all efforts needed to prevent decreasing
MAP levels <65 mmHg, and if/when BP drops treated
depending on the cause is strongly recommended.

Tight glycemic control has been shown to significantly
reduce AKI in critically ill patients (34). Subsequently, it has
been ruled out in cardiac surgery patients that tight glycemic
control is superior to continuous perioperative insulin therapy
in terms of AKI incidence and mortality. This has been
underlined by several well-conducted clinical trials (35,36).

Active Areas for Future Research

In this review we have highlighted the risk factors that
appear to be both unmodifiable and potentially modifiable.
Much of the work highlighting the association of these
confounding risk factors has been done in retrospective
fashion. Their prospective can be graded and assessed
prospectively.

Given the perioperative importance of AKI, there appear
to be multiple areas for future research. Hemodynamic
management to prevent hypotension and improve perfusion
& oxygen delivery appear to be important in prior studies
and these are potentially modifiable factors. This would be
one important target of priority, especially given the recent
advances in bioinformatics that make new studies possible
that before were not.

Additionally, plasma and urinary biomarkers of renal
injury overcome the limitations of the current gold standard
definitions of serum creatinine and may offer significant

future clinical utility to diagnose and treat kidney injury.
Perioperative diagnostic, mechanistic, and even therapeutic
potentials of biomarkers require further attention.

Conclusion

AKl is a relatively common complication of the
perioperative period. It is associated with increased risk of
chronic kidney disease, hemodialysis requirements after
discharge, increased cost, and risk of mortality. Better
understanding of baseline and procedure related risk factors,
which contribute to perioperative AKI may improve early
diagnosis, prevention, and early management of AKI. There
are still needs for detailed context specific clinical prediction
scores and novel biomarkers to improve the chances of early
diagnosis. Improved imaging techniques with decreased
exposure to contrast dyes, avoiding nephrotoxic agents,
and improved perioperative care focusing on prevention of
hypotension, diminished CO and oxygen delivery will further
decrease the impact of perioperative AKI.
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An Evaluation of the PRE-DELIRIC (PREdiction of
DELIRium in ICu Patients) Delirium Prediction Model
in Intensive Care Units in Tiirkiye

PRE-DELIRIC (PREdiction of DELIRium in ICU
Patients) Deliryum Ongdrme Modelinin Tiirkiye’de
Yogun Bakim Unitelerinde Kullanilabilirliginin
Degerlendirilmesi

ABSTRACT Objective: This methodological study was conducted in order to carry out the
adaptation and validation of the “PRE-DELIRIC score” prediction of delirium model in Tirkiye
among patients hospitalized in the intensive care unit (ICU).

Materials and Methods: The research involved 172 patients treated in the intensive care units
of a training and research hospital between October 2019 and April 2020. The study data were
collected using (1) a data collection form to determine the participants’ descriptive characteristics,
(2) the PRE-DELIRIC score, and (3) the Confusion Assessment Method for the ICU (CAM-ICU).
Receiver operating characteristic (ROC) analysis and diagnostic screening tests were applied for the
purpose of determining cut-off points for the groups. The scores’ sensitivity and specificity were
calculated. Significance was evaluated at the p<0.05 level.

Results: A statistically significant association was determined between the cut-off point obtained
for the PRE-DELIRIC score (>7.568%) and the study groups (p=0.003). Patients with PRE-DELIRIC
scores of 7.58 or higher exhibited a 7.404-fold greater risk of being CAM-ICU-positive [odds ratio:
7.404; 95% confidence interval (Cl): 1.638-33.469]. The area under the ROC curve was 64.9%
(95% Cl: 0.538-0.760), and the standard error was 5.6% (p=0.044).

Conclusion: The PRE-DELIRIC score yielded reliable results in this study. It appears significant for
patients with a likelihood of developing delirium within the ICU, and its use is recommended as a
functional score that is easily applied and calculated.

Keywords: Critical care, PRE-DELIRIC, delirium, model

0z Amac: Metodolojik tipteki bu calisma, yogun bakim Gnitesinde (YBU) yatan hastalarda " PRE-
DELIRIC skoru” deliryum tahmin modelinin Tirkiye'ye uyarlanmasi ve gecerliliginin saglanmasi
amaclyla yapilmistir.

Gereg ve Yontem: Arastirma, Ekim 2019-Nisan 2020 tarihleri arasinda bir egitim ve arastirma
hastanesinin YBU'stinde tedavi géren 172 hasta ile yapilmistir. Veriler, (1) katilimcilarin tanimlayici
ozelliklerine yonelik bilgi formu, (2) PRE-DELIRIC skoru ve (3) YBU'de Konfiizyon Degerlendirme
Formu (CAM-ICU) ile toplanmistir. Gruplara gore kesme noktasini saptamada alici isletim
karakteristik (ROC) analizi ve tani tarama testleri kullanildi. Skorun duyarlilik ve 6zgullik 6zelligi
hesaplandi. Anlamlilik p<0,05 diizeyinde degerlendirildi.

Bulgular: PRE-DELIRIC skoru icin elde edilen kesme noktasi (>%7,58) ile gruplar arasinda
istatistiksel olarak anlamli iliski saptanmistir (p=0,003). PRE-DELIRIC skoru 7,58 ve (izerinde olan
olgularda CAM-ICU pozitif olma riski 7,404 kat fazladir [(OR: 7,404; %95 glven araligi (GA): 1,638-
33,469)]. ROC egrisi altinda kalan alan ise, %64,9 (%95 GA: 0,5638-0,760) ve standart hata %5,6
(p=0,044) olarak saptanmistir.

Sonug: Bu calismada, PRE-DELIRIC skorunun glivenilir sonuglara sahip oldugu bulundu. YBU'lerde
deliryum gelismesi olasi olan hastalar icin énemli oldugu goérilmekte, uygulamasi ve hesaplamasi
kolay kullanisli bir skor olarak kullanimi énerilmektedir.

Anahtar Kelimeler: Yogun bakim, PRE-DELIRIC, deliryum, model
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Introduction

Delirium is a neuropsychiatric disorder characterized
by impaired consciousness, distraction, and disorganized
thinking (1). It can be seen at rates of up to 80% in intensive
care patients and causes increased morbidity and mortality,
prolongation of mechanical ventilation and intensive care unit
(ICU) stays, and long-term cognitive impairment (2,3).

A number of organic factors can result in delirium (4).
Final diagnosis is based on the assessment of findings
elicited by means of interviews. Several different scales have
been developed for the screening, diagnosis and grading of
symptoms. Proper diagnosis requires periodic evaluation
of the diagnostic criteria and a knowledge of the patient’s
initial mental state (5). The most common methods used
for the evaluation of delirium are the Confusion Assessment
Method for the intensive care unit (CAM-ICU) (6) and the
Intensive Care Delirium Screening Checklist (7). Delirium has
been detected at a rate of 30-70% in intensive care patients
using these methods (8).

Appropriate interventions are extremely important in
preventing delirium. Guidelines on pain, agitation and delirium
management (9) strongly recommend the application of
non-pharmacological methods for preventing delirium, but
the evidence supporting pharmacological approaches is
inadequate. The applications of such procedures is also time-
consuming and entails a significantly increased workload. A
number of prediction models that may be of assistance in
identifying high-risk individuals have therefore been produced
(4). One of these models, the PREdiction of DELIRium in
ICu patients (PRE-DELIRIC), has been validated in various
ICUs and described as useful (10). This model emerged from
the findings of a systematic review study investigating risk
factors for delirium (11). It predicts the development of the
condition in the first 24 hours following admission to the ICU.
This relies on a calculation containing 10 known risk factors
for the development of delirium that are capable of being
both objectively and precisely defined. This model used for
estimating the risk of delirium (4,12,13) was also employed
in a recent study from Turkey, although its predictive ability
for dementia was not assessed (14).

This methodological study was conducted for the purpose
of establishing the applicability of the “PRE-DELIRIC score”
delirium prediction model in general ICU patients.

e |s the PRE-DELIRIC score confidential?

e Can it be used in the ICU?

Materials and Methods

This methodological study was conducted in order to
carry out the adaptation and validation of the "PRE-DELIRIC
score” prediction of delirium model in Turkey among patients
hospitalized in the ICU.

Patients treated in the ICU of a training and research
hospital between October 2019 and April 2020 were
included in the research.

Participants

Patients who were hospitalized and treated for more
than 24 hours in the general ICU, aged 18 years or older,
with no history of chronic alcoholism, dementia, or delirium,
who were not pregnant or breastfeeding, who had no
communication problems, with Richmond Agitation Sedation
scale (RASS) values of +4 to -2, and for whom consent to
participate was obtained from a relative were included in
the study. One hundred eighty-nine 189 cases were initially
included, although the study was eventually conducted
with 172 patients since eight cases were excluded due to
dementia, three due to history of delirium, one due to history
of alcoholism, and five for being aged under 18.

Study Procedure

A data collection form was applied to elicit the
participants’ descriptive characteristics, together with the
PRE-DELIRIC score, and the CAM-ICU as collection tools.
Data collection took place during the study period and
was performed by a physician and a nurse, who were also
involved as researchers. In this study, the patient who was
delirium negative at admission should have been included.
The general data were collected in the first 24 hours. Data
on the diagnostic and clinical characteristics were obtained
from the patients’ relatives and patient charts. Data on the
clinical course were also collected within the first 24 hours.

The data collection form was produced by the authors
following a review of the literature in the field (9,15-17). It
consists of 19 questions investigating sociodemographic and
clinical characteristics.

Measures

PRE-DELIRIC Score

The PRE-DELIRIC Scoring System developed by van
den Boogaard et al. (10) considers the patient’s age, Acute
Physiology and Chronic Health Evaluation-Il (APACHE-II)
score, blood urea level, amount of morphine used, sedation

Turk J Intensive Care 2023;21:162-70



164

Sayilan et al. An Evaluation of the PRE-DELIRIC

use, metabolic acidosis, coma state, infection, planned/
emergency intensive care admission, and the reason for
hospitalization to provide a score. A pre-delirium score 250 is
reported to be associated with a high incidence of delirium.
The scoring system is used within the first 24 hours after
admission to the ICU. The blood results were obtained
from the patient’s medical chart by the researchers and
recorded in the questionnaire. The PRE-DELIRIC score was
determined within the first 24 hours after admission to the
ICU in this study.

Once the scale had been independently translated into
Turkish by three translators consisting of an English teacher,
an English language linguistic specialist, and a medical
doctor proficient in English language, the translators agreed
on a common text in terms of the appropriateness and
comprehensibility of translations. The scale thus obtained was
then translated back into English by three English teachers.
No change in meaning was determined in the backtranslated
scale compared to the original English document and the
form was finalized after preliminary administration to five
intensive care nurses and 10 patients. The PRE-DELIRIC
Scoring System does not include intercultural differences
since it is based on objective criteria and not on patient
statements or interpretation. The risk factors including these
objective data have the same meaning in all languages and
cultures. Determining content validity by eliciting an expert
opinion was therefore not required for the PRE-DELIRIC
score.

CAM-ICU

This scale is in common use and is reported to provide
the best compliance with DSM |V criteria (16). It was
developed by Ely et al. (6). The reliability and validity of the
Turkish-language version were confirmed by Akinci et al.
(18) and the scale was found to have an acceptable level of
sensitivity (65-69%), together with perfect specificity (97 %)
and reliability (Kappa =0.96). The scale has four domains,
consisting of changes in the patient’s state of consciousness,
attention disorder, impaired thought process, and level of
consciousness. Sub-categories are not taken into account
and a conclusion is reached in the form of the “presence” or
“absence" of delirium according to the answers to the scale
questions. All the first and second category answers must be
negative, and one of the third and fourth categories must be
present as a condition for the “presence” of delirium. This
scale can be applied to all intensive care patients aged over
18 who are not comatose and who are able to communicate.

Turk J Intensive Care 2023;21:162-70

It is recommended that the scale be completed within
the first 24 hours following admission to the ICU. A repeat
evaluation is performed during the day in case of any change
in the patient’'s condition. Otherwise evaluation once a day
is appropriate. CAM-ICU was measured within the first 24
hours following admission to the ICU in this study.

Kirklareli University Institute of Health Sciences Ethics
Committee approval (decision no: 3, date: 11.10.2019)
was obtained from the institution in which the study was
carried out, in addition to consent from the patients who
were included in the study with the permission of the
relevant institution. Written permission for the use of the
PRE-DELIRIC score was obtained by e-mail from van den
Boogaard.

Statistical Analysis

All statistical analyses were conducted on NCSS
(Number Cruncher Statistical System) 2007 (Kaysville, Utah,
USA) software. The study data were analyzed using mean,
standard deviation, median, frequency, ratio, minimum, and
maximum values. Normality of distribution was evaluated by
means of the Shapiro-Wilk test and graphical assessments.
Student'’s t-test was applied to compare normally distributed
variables between the two groups, and the Mann-Whitney
U test in case of non-normal distribution. ROC analysis and
diagnosis screening tests were employed to calculate cut-off
points by the groups. The score’s sensitivity and specificity
characteristics were also calculated. P values <0.05 were
considered statistically significant.

Results

One hundred seventy-two patients were enrolled in the
study. CAM-ICU measurement revealed that 90.1% (n=155)
of the patients were negative and 9.9% (n=17) positive for
delirium. The age range of the subjects was 35-94 years,
and the mean age was 72.94+13.99 years. The mean age
(p=0.036) and the cerebrovascular event (CVE) incidence
rate (p=0.036) of the patients who were positive on CAM-
ICU were statistically significantly higher than those who
were negative. No statistically significant difference was
found between the groups in terms of the other variables
(p>0.05) (Table 1).

Patients who were positive on the CAM-ICU required
statistically significantly more physical restriction (p=0.07)
and developed more pressure ulcers (p=0.001) than those
who were negative. Statistically significantly larger amounts
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Table 1. Evaluation of descriptive features according to CAM-ICU status
CAM-ICU
Total - — p-value
Negative (n=155) Positive (n=17)

Min-max (median) 35-94 (77) 35-94 (74) 66-94 (84)
Age (years) 20.006™

Mean + SD 72.94+13.99 71.98+14.18 81.65+8.12

Female 90 (52.3) 80 (51.6) 10 (58.8)
Gender €0.572

Male 82 (47.7) 75 (48.4) 7(41.2)

Min-max (median) 17.2-40 (25) 17.2-40 (25) 19.5-28.3 (24.6)
BMI (kg/m?) 20.595

Mean + SD 24.88+3.64 24.93+3.74 24.44+2.59
Chronic disease status 149 (86.6) 133(85.8) 16 (94.1) 90.475
Chronic disease typet
Hypertension 95 (55.2) 88 (56.8) 7(41.2) <0.220
Diabetes 42 (24.4) 39 (25.2) 3(17.6) 90.766
Chronic heart failure 50(29.1) 47 (30.3) 3(17.6) 90.401
Chronic arterial failure 8(4.7) 8(5.2) 0(0) 91.000
COPD 24 (14.0) 22 (14.2) 2(11.8) 91.000
Asthma 2(1.2) 1(0.6) 1(5.9) 90.188
Alzheimer disease 2(1.2) 1(0.6) 1(5.9) 90.188
Cerebrovascular attack 14 (8.1) 10 (6.5) 4(23.5) 90.036"
Use cigarette-alcohol 18 (10.5) 18(11.6) 0(0) 90.222
BMI: Body mass index, COPD: chronic obstructive pulmonary disease, SD: standard deviation, CAM-ICU: Confusion Assessment Method for the intensive care unit, min-max:
minimum-maximum
2Student t-test, "Mann-Whitney U test, Pearson chi-square test, SFisher's exact test, *p<0.05, “p<0.01, fmore than one chronic disease

of sedatives were required for patients who were negative
on the CAM-ICU than those who were positive (p=0.017).
A statistically significant difference was found between the
groups in terms of the form of discharge from intensive
care (p=0.047) and those who died were usually negative
while those who were transferred were usually positive. No
statistically significant difference was found between the
groups in terms of the other variables (p>0.05) (Table 2).

The 15t PRE-DELIRIC score of the patients who were
negative on CAM-ICU was 3.9-11.9 with a mean value of
7.85+1.91. The 15t PRE-DELIRIC score of the patients who
were positive for CAM-ICU was 6.7-14.9 with a mean value
of 9.04+2.09 (Figure 1). A statistically significant difference
was found between the 15t PRE-DELIRIC scores of the
CAM-ICU negative and positive groups (p=0.017), and the
scores of the positive patients were higher than the negative
patients. An increase of one unit in the PRE-DELIRIC scores
increased the risk of CAM-ICU positivity 1.358 times [odds
ratio (OR): 1.358; 95% confidence interval (Cl): 1.047-1.761]
(Table 3).

Determining the Cut-off Point for PRE-DELIRIC Scores
Based on CAM-ICU Status

A statistically significant difference was found between
the 15t PRE-DELIRIC scores of the CAM-ICU negative and
positive patients (p=0.017), with the CAM-ICU positive
patients having higher scores (Table 3). Based on this
significance, the cut-off point for the PRE-DELIRIC score
was calculated. ROC analysis and diagnostic screening tests
were used to determine this cut-off point by group. The cut-
off point for the PRE-DELIRIC score was 7.58. This PRE-
DELIRIC score cut-off value exhibited sensitivity of 88.24%,
specificity of 49.68%, a positive predictive value of 16.13%,
a negative predictive value of 97.47%, and accuracy of
53.49% (Table 4). The area under the ROC curve was 64.9%
(95% Cl: 0.538-0.760) and the standard error was 5.6%
(p=0.044) (Figure 2).

The cut-off point determined for the PRE-DELIRIC score
(>7.58%) was significantly associated with the groups
(p=0.003). The risk of CAM-ICU positivity was 7.404 times
higher among individuals with PRE-DELIRIC scores of 7.58
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Table 2. Distribution of some descriptive characteristics of patients according to CAM-ICU status
CAM-ICU
Total n (%) - — p-value
Negative (n=155) | Positive (n=17)
. . . Emergency room 147 (85.5) 131 (84.5) 16 (94.1)
C to int: 90.473
oming toIntensive care Clinic 25 (14.5) 24 (15.5) 1(5.9)
Surgery 19(11.0) 18(11.6) 1(5.9)
o Medical 134 (77.9) 118 (76.1) 16 (94.1)
R forh talizat €0.977
€ason ror hosplatization Trauma 11(6.4) 1(7.1) 000
Neurosurgery 8(4.7) 8(5.2) 0(0)
Enteral 97 (56.4) 86 (55.5) 11 (64.7)
Parenteral 48 (27.9) 43 (27.7) 5(29.4)
Feeding type Oral 17(9.9) 16 (10.3) 1(5.9) ¢0.668
Enteral + parenteral 4(2.3) 4(2.6) 0(0)
Parenteral + oral 6 (3.5) 6(3.9) 0(0)
Physical restriction status 70 (40.7) 58 (37.4) 12 (70.6) 0.017"
Drain-tube-ostomy status 117 (68.0) 104 (67.1) 13(76.5) <0.431
Drain 13 (11.1) 13 (12.5) 0(0)
Tube 84 (71.8) 72 (69.2) 12(92.3)
. Ostomy 6(5.1) 6(5.8) 0(0)
Drain-tube-ost t =117 €0.671
rain-tube-ostomy type (n=117) 5t he 8(6.8) 7(6.7) 1(7.7)
Tube + ostomy 5(4.3) 5(4.8) 0(0)
Drain + tube + ostomy 1(0.9) 1(1.0) 0(0)
Catheter status 171(99.4) 154 (99.4) 17 (100) 91.000
CcvC 3(1.8) 3(1.9) 0(0)
CVC + foley 24.(14.0) 21(13.6) 3(17.6)
Cathetert =171 ¢0.868
atheter type (n=171) PVC + foley 100 (58.5) 91 (59.1) 9(52.9)
CVC+PVC + foley 44 (25.7) 39(25.3) 5(29.4)
Pressure ulcer status 45 (26.2) 34(21.9) 11(64.7) 90.001™
Phase 1 8(17.8) 5(14.7) 3(27.3)
Phase 2 33(73.3) 26 (76.5) 7(63.6)
P [ h =45 0.540
ressure ulcer phase (n=45) Phase 3 3(6.7) 2(59) 1(9.1)
Phase 4 1(2.2) 1(2.9) 0(0)
MV status 68 (39.5) 64 (41.3) 4(23.5) <0.155
Invasive 59 (86.8) 57(89.1) 2 (50.0)
MVt =68 90.082
ype (n=68) Non-invasive 9(13.2) 7(10.9) 2 (50.0)
. . Min-max (median) 1-24 (6) 1-24 (6) 3-4(3.5)
| MV =59 50.164
nvasive MV time (day) (n=59) Mean £ SD 8.54+6.30 8.72+6.34 3.50£0.71 016
. . . Min-max (median) 2-12 (3) 2-12 (2) 3-3(3)
Non- MV =9 b
on-invasive MV time (day) (n=9) ' - " op 378323 4.00£3.70 3.00£0 0.533
Sedation status 54 (31.4) 53(34.2) 1(5.9) 0.017"
L Min-max (median) 1-30 (6) 1-30 (6) 3-3(3)
Sedation t d =54 ©0.332
edation time (day) (n=54) Mean £ SD 8.78+7.62 8.8947.65 3.000
N i 91 (52.9 4., .
CAM-ICU 2" measurement egative (529) 85 (54.8) 6(353) 0.125
Positive 81 (47.1) 70 (45.2) 11 (64.7)
Exitus 76 (44.2) 71 (45.8) 5(29.4)
Discharge type in intensive care Referral 95 (55.2) 84 (54.2) 11(64.7) 0.047*
Discharge 1(0.6) 0(0) 1(5.9)
Length of stay in intensive care Min-max (median) 1-49 (5) 1-49 (5) 2-13(4) 50,393
(day) Mean £SD 6.60+6.39 6.7916.64 4.82+2.86 ’
. . Min-max (median) 2-49 (5) 2-49 (5) 2-13 (4)
Length of st the hospital (d ®0.218
ength of stay in the hospital (day) 'y "o 8.5618.71 8.89£9.04 5.53+3.45
Min-max: Minimum-maximum, SD: standard deviation, CAM-ICU: Confusion Assessment Method for the intensive care unit, MV: mechanical ventilation, CVC: central venous
catheter, PVC: peripheral venous catheter
®Mann-Whitney U test, Pearson chi-square test, 9Fisher’s Exact test, *Fisher-Freeman-Halton test, "p<0.05, “p<0.01
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or above (OR: 7.404; 95% Cl: 1.638-33.469). An increase of
5% or more in the PRE-DELIRIC score exhibited sensitivity
of 100%, a specificity of 6.45%, a positive predictive

value of 10.49%, a negative predictive value of 100%, and

;i d
]l

T
Negative

Pre-Deliric Score

T
Positive

Figure 1. PRE-DELIRIC scores of the cases with negative and positive CAM-

ICU in the 1** measurement
CAM-ICU: Confusion Assessment Method for the intensive care unit

accuracy of 15.70%. An increase of 10% of more in the PRE-
DELIRIC score exhibited sensitivity of 29.41%, a specificity
of 29.41%, a positive predictive value of 17.85%, a negative
predictive value of 91.67%, and accuracy of 79.65%.

ROC Curve

Sensitivity

0,0 0,2 o "5 [X] 1,0
1 - Specificity

Figure 2. ROC curve for PRE-DELIRIC score by groups
ROC: Receiver operating characteristic

Table 3. Evaluation of PRE-DELIRIC scores according to CAM-ICU status
CAM-ICU
Total . . p-value
Negative (n=155) | Positive (n=17)
15t measurement Min-max (medlan) 3.9-149 (79) 3.9-11.9 (77) 6.7-14.9 (83)
20.017"
PRE-DELIRIC score Mean + SD 7.9741.95 7.85+1.91 9.04+2.09
2" measurement Min-max (median) 2.9-15.8(8.3) 2.9-15.8 (8.2) 6.4-10.0 (9.2)
°0.053
PRE-DELIRIC score Mean % SD 8.28+2.04 8.21£2.11 8.87+1.15
Min-max: Minimum-maximum, SD: standard deviation, CAM-ICU: Confusion Assessment Method for the intensive care unit
aStudent t-test, p<0.05, 24 h later
Table 4. Diagnostic screening tests and ROC curve results for PRE-DELIRIC scores
Diagnostic scan
PRE-DELIRIC (% iti icti i
(%) Cut-off Sensitivity Specificity Positive predictive Negeftn{e
value predictive value
Low risk >7.58 88.24 49.68 16.13 97.47
Medium risk >8.06 64.71 52.90 13.10 93.18
High risk 28.32 47.06 60.00 11.43 91.18
Very high risk >9.32 29.41 72.90 10.64 90.40
PRE-DELIRIC >5 100 6.45 10.49 100
PRE-DELIRIC>10 29.41 85.16 17.85 91.67
ROC: Receiver operating characteristic
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Discussion

We investigated the applicability of the PRE-DELIRIC
model in intensive care, and the sensitivity of the model
in predicting delirium with various physical and medical
parameters compared with the CAM-ICU, the current gold
standard.

The rate of development of delirium in this study was
9.9%. The reported delirium rate in ICUs ranges widely, from
10% to 80%, and it is important to obtain a measurement
that can easily detect delirium, since this is vital for follow-up,
treatment, and care (19-21). Delirium development is affected
by many factors, and its prediction and prevention will make it
possible to reduce the rate of disorders capable of leading to
mortality and morbidity (14). There is evidence that delirium
increases the length of hospital stay, exacerbates the risk of
transmission of in-hospital infections, and puts the patient at
risk of pressure ulcers and injuries (22-24).

CAM-ICU exhibited sensitivity of 88.24% (95% CI:
0.538-0.760) in this study and specificity of 85.16%. In
their prospective, observational study, Guenther et al. (25)
determined a risk of delirium of 19.8%, with CAM-ICU
exhibiting sensitivity of 71% [(Cl) 44-90%] and specificity
of 100%, while another study reported a risk of delirium
development of 25.2%, and CAM-ICU sensitivity of 100%
[(Cl) 92-99%] and specificity of 98% (6). A meta-analysis of
nine separate studies concluded that CAM-ICU exhibited
80.0% sensitivity (95% CI: 77.1% and 82.6%) and 95.9%
specificity (95% Cl: 94.8% and 96.8%) (26). These
inconsistencies may be due to variations in sampling and
patient diagnoses.

CAM-ICU-positive cases exhibited higher scores than
negative cases in this study. Patients with PRE-DELIRIC
scores of 7.58 or more were 7.404 times more at risk of
CAM-ICU-positivity (OR: 7.404; 95% CIl:1.638-33.469).
Studies elsewhere in the literature have also noted that PRE-
DELIRIC and CAM-ICU scores are superior in identifying
delirium, and that PRE-DELIRIC scores are particularly
important on account of their simplicity, reliability, and rapid
calculation (10,27). Studies have also observed high PRE-
DELIRIC scores among individuals with positive CAM-ICU
values (28,29). Similarly in the present study, a positive
correlation was determined between CAM-ICU and PRE-
DELIRIC.

The relevant factors in patients developing delirium
according to the CAM-ICU in the present study were age,
previous CVE, being physically restrained, presence of a
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pressure ulcer, and the form of intensive care discharge.
Delirium was found to develop more commonly in elderly
patients, those under physical restraint, in patients with
a history of CVE, and in those with pressure ulcers. The
predisposing factors reported to be related to delirium
in the literature are similar to those found in the present
study (12,30,31). Alcohol abuse, a history of dementia,
hypertension, sedation, a high APACHE-II score, mechanical
ventilation, and metabolic acidosis have also been described
as factors exacerbating the risk of development of delirium in
other studies (4,12,30,31). Since we only included intensive
care patients with no history of chronic alcohol abuse,
delirium or dementia, and no communication problems, and
with a RASS score of +4 to -2 in this study, we may have
been unable to detect all predisposing factors. However,
the question of whether the PRE-DELIRIC model should
not be taken into account in individuals with histories of
dementia or misuse of alcohol and those who may have
significant risk factors for delirium is a controversial one. van
den Boogaard et al. (10) excluded groups of patients with
a history of alcohol abuse and dementia from their PRE-
DELIRIC regression model due to the low prevalence rate
and reported that preventive measures can be taken directly
instead of predicting the delirium risk, since the present
evidence shows that these patients are already at a high risk
of delirium. This has been criticized as a deficiency of the
PRE-DELIRIC model by many researchers (4,31-33).

The PRE-DELIRIC score is easily applied and uses
objective data, without the need for the patient to be
conscious. This score can also be used as an important
screening tool in detecting delirium in patients who are
unable to communicate. Based on the findings of this study,
we suggest that the PRE-DELIRIC score can be usefully
employed in determining the risk of development delirium
among patients in the ICU since it is easy to use and calculate
and can make a useful contribution to clinical practice.

This study cannot be generalized to the general
population since it was conducted at a single center within
a limited time frame. The number of patients included in
the study was also quite low. In addition, the inclusion of
only conscious and communicating patients in the ICU, in
which delirium evaluation was not routinely performed, may
have resulted in a lower incidence than usual in this study
in which we observed an incidence rate at the lower limit of
the range reported in the literature.
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Conclusion

Routine use of the PRE-DELIRIC score will make it
possible to safely and easily predicting the risk of delirium
within the first 24 hours after admission to the ICU.
Evidence-based literature support of whether the model
provides a fully valid and reliable risk estimate will require its
common use in intensive care patients in addition to further
interventional and observational studies to decrease the risk
of delirium. In addition, CAM-ICU can predict the presence
of delirium, and the PRE-DELIRIC model is beneficial when
making a preliminary prediction and evaluation. The PRE-
DELIRIC score is convenient for determining the risk of
delirium development in patients hospitalized in the ICU and
connected to a mechanical ventilator. There is currently no
suitable screening test for delirium diagnosis, especially in
disorientated patients. The present delirium screening tests
require evaluation using a subjective method, in other words
by means of answers to questions put to conscious and
communicating patients.
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COVID-19 Experiences of Turkish Intensive Care
Nurses: A Qualitative Study

Tiirk Yogun Bakim Hemsirelerinin COVID-19
Deneyimleri: Nitel Arastirma

ABSTRACT Objective: Nurses are at the forefront of the fight against the pandemic. This study was
conducted to reveal the experiences, problems, motivation and support resources of intensive care
nurses in the first period of the coronavirus disease-2019 (COVID-19) pandemic.

Materials and Methods: The research is a descriptive qualitative study. The sample of the study
consisted of 12 intensive care nurses working in the intensive care unit of a state hospital in izmir
and caring for patients infected with COVID-19 virus.

Results: Main themes (sub-themes); emotions (worry/anxiety), difficulties in patient care (aspiration,
intubation), measures taken by nurses (internal isolation), effects of the pandemic on intensive
care nurses (physical; back pain, psychological; sleep problems, social; exclusion), support and
motivation sources of nurses (teammates support), positive contributions of the pandemic process
(crisis management).

Conclusion: Intensive care nurses experienced physical, psychological and social problems during
the pandemic period. In this process, it was determined that they tried to strengthen with support
resources and gained skills in crisis management.

Keywords: COVID-19, pandemic, intensive care nurse, experiences

0Z Amag: Hemsireler, pandemi ile miicadelenin 6n saflarinda gorev almaktadir. Bu calisma, yogun
bakim hemsirelerinin koronaviriis hastalig-2019 (COVID-19) pandemisinin ilk déneminde yasadiklar
deneyimleri, sorunlari, motivasyon ve destek kaynaklarini ortaya ¢ikarmak amaciyla yapiimistir.
Gereg ve Yéntem: Arastirma tanimlayici nitel bir calismadir. Arastirmanin érneklemini [zmir ilinde bir
devlet hastanesinin yogun bakim (nitesinde gérev yapan ve COVID-19 viriisii ile enfekte hastalara
bakim veren 12 yogun bakim hemsiresi olusturmustur.

Bulgular: Ana temalar (alt temalar); duygular (endise/kayg), hasta bakimindaki zorluklar (aspirasyon,
entlbasyon), hemsirelerin aldigi 6nlemler (i¢ izolasyon), pandeminin yogun bakim hemsireleri
Uzerindeki etkileri (fiziksel; sirt agrisi, psikolojik; uyku sorunlari, sosyal; dislama), hemsirelerinin
destek ve motivasyon kaynaklari (ekip arkadaslar destegi), pandemi slrecinin olumlu katkilari (kriz
yonetimi) olarak belirlenmistir.

Sonug: Yogun bakim hemsireleri pandemi déneminde fiziksel, psikolojik ve sosyal sorunlar
yasamistir. Bu sirecte destek kaynaklari ile glclenmeye calistiklari ve kriz ydonetiminde beceri
kazandiklari belirlenmistir.

Anahtar Kelimeler: COVID-19, pandemi, yogun bakim hemsireligi, deneyimler

Introduction

An unexpected virus, severe symptoms seen in people

Health Organization due to the high spread rate of the
virus, its serious effects on public health and the deaths of
thousands of people (2). The first COVID-19 case in Turkey

infected with the virus, and the rapidly increasing number of
cases worldwide have caused a rapid change in intensive
care activities (1). The coronavirus disease-2019 (COVID-

19) outbreak was declared as a pandemic by the World

was announced on March 10, 2020, and this number has
gradually increased. COVID-19 infection has become a
universal problem with widespread respiratory symptoms
causing pneumonia, severe acute respiratory infection,
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kidney failure, and death in severe cases (2). COVID-19
infection is a highly contagious disease and the virus poses
a huge threat to healthcare workers. There has been a
sudden increase in the number of intensive care beds due
to COVID-19 worldwide. In this sudden increase, additional
intensive care units were opened with the support of nurses
in the healthcare system, and the number of beds was
increased (3). This increase has seriously increased the
workload of nurses (1). The main reason for the increase in
the workload per patient is more intensive hygiene practices,
difficult mobilization, support programs for patient relatives,
maintenance of respiratory function, and an increase in the
number of deaths (1). Nurses provide care to patients with
close physical contact and are therefore in a risky group in
terms of COVID-19 (4-8). Individuals who need intensive
care treatment in the pandemic are generally elderly
individuals with a history of comorbid diseases. Severe
pneumonia resulting in breathing difficulties in COVID-19
infection has resulted in the hospitalization of thousands of
people. Two-thirds of the individuals in need of intensive care
met the criteria for acute respiratory distress syndrome and
respiratory support was required (9). Intensive care nurses
have undertaken important duties in meeting the care needs
of individuals experiencing advanced symptoms of the
disease during the COVID-19 global epidemic.

In the pandemic, intensive care units have become the
most important units for patients. Since patients need a
mechanical ventilator when COVID-19 symptoms worsen,
intensive care nurses have many more responsibilities such
as monitoring and maintenance of the patient’s respiratory
functions, aspiration of secretions, oral care, giving the
patient a prone position, monitoring early sepsis symptoms,
regular administration of supportive therapies determined by
the physician at appropriate doses, maintaining the patient’s
enteral nutrition, ensuring hygiene requirements, blood
gas analyses and informing the physician when necessary
(10,11). In these treatment and care practices, the distance
between the intensive care nurse and COVID-19 (+) or
suspected (+) individuals can be maximum 10 cm. Due
to the care and treatment needs of the patient, it is very
rarely possible for the intensive care nurse to leave the
patient’s room, to enter and exit the patient’s room less,
or to stay away or behind. Many international scientific
associations, especially the World Federation of Intensive
Care Nurses; emphasize that the patient: a nurse ratio should
be 2:1 for the care of critically ill (not mechanically ventilated)
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patients who require complex care, but 1:1 for critically
ill patients who are mechanically ventilated and highly
dependent. Although there is no evidence in the literature
yet, China and the United States, etc., where the pandemic
spread before Turkey. The practice made and recommended
by countries is that one intensive care nurse takes care of a
patient with COVID (+) due to the high risk of transmission,
as well as the critical patient is connected to a mechanical
ventilator (10,12).

Therefore, providing care to infected patients for a long
time poses a high risk in terms of transmission of the disease
to intensive care nurses (10). The anxiety experienced by
nurses while caring for infected patients is related to their
risk of infection, being carriers of the source of infection and
death anxiety (13-18).

Nurses are especially concerned about the spread
of the virus to family members in the risk group such as
the elderly, immunocompromised persons and children.
To protect family members from the virus, nurses isolated
themselves from their relatives (13,16,19). It is reported that
nurses experience fear and anxiety despite taking protective
measures (5). To date, a limited number of studies have
been conducted on the pandemic experiences of nurses
(13,16,20,21). During the pandemic, the effects of caregiving
on nurses should be made visible.

Addition to, it is vital to understand the effects of the
pandemic process on nurses and to determine the nurses’
experiences to ensure the quality of health services. In this
study, the experiences of intensive care nurses who have
managed the COVID-19 pandemic with close follow-up,
observation, and successful attempts will be reported.

Materials and Methods

This research was carried out in phenomenological type
to determine both physical and psychological problems
experienced by intensive care nurses during the COVID-19
pandemic process. The research focused on the problems
experienced by intensive care nurses in combating a
pandemic they had not experienced before, difficulties in
patient care, difficulties in using equipment, being away from
their families, and psychological difficulties they experienced
in social isolation.

Research Questions

1. What are the feelings of intensive care nurses providing
care in the COVID-19 pandemic?
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2. What are the difficulties faced by intensive care nurses
in patient care during the COVID-19 pandemic?

3. What are the precautions taken by the intensive care
nurses during care in the COVID-19 pandemic?

4. What are the effects (physical, psychological, social) of
the COVID-19 pandemic on intensive care nurses?

5. What are the sources of support and motivation for
intensive care nurses during the COVID-19 pandemic?

Population and Sample of the Research

The population of the study consisted of intensive care
nurses who gave care to patients with a diagnosis of COVID-
19 who were working in a state hospital in izmir. The sample
consisted of nurses who agreed to participate in the study
voluntarily. Due to qualitative research and data collection,
the sample size was determined according to the saturation
of the data, and in-depth interviews were conducted with
12 nurses.

Inclusion Criteria

Intensive care nurses who care for patients over the age
of 18 with a diagnosis of COVID-19 were included. Nurses
who did not agree to participate in the study were excluded
from the studly.

Research Method

The research data were collected face-to-face with a
semi-structured interview form in an average of 30 minutes.

During the interview process, voice recordings of the
nurses were taken, and their opinions were coded in such a
way that their names were kept confidential.

Statistical Analysis

The researchers conducted the content analyses
independently. In content analysis, the data were evaluated
in four stages (1) coding the data, (2) finding codes,
categories and themes, (3) organising the codes, categories
and themes, and (4) describing and interpreting the findings.

Validity-reliability of the study: Kappa analysis was used
to evaluate the appropriateness of the nurses’ opinions and
themes. A few opinions under the themes were randomly
selected and sent to experts (academicians, expert nurses).
The expert was asked to match the themes with the
patient’s statements. As a result of Kappa analysis, it was
determined that there was an excellent level of agreement
(k=1, p<0.001).

Internal validity (reliability): The average collection time of
the research data was 30 minutes and reliable answers were

obtained with long-term interviews. When the data reached
the saturation point, the interviews were terminated. The
researcher who conducted the interview received the
confirmation of the nurses to verify the data. Two experts
experienced in qualitative research examined the study in
all aspects.

External validity (transferability): The opinions of the
nurses were transferred without adding comments.
Purposive sampling was used.

Internal reliability (consistency): The semi-structured
interview form was prepared in line with the literature. The
same interview form and voice recorder were used in the
data collection process of the study.

External reliability (confirmability): The researchers
analysed the data independently of each other. Then they
came together and finalised the findings. This article was
checked according to the COREQ checklist (22).

This study was conducted in accordance with the
principles of the Declaration of Helsinki. Permission was
obtained from the Ministry of Health Scientific Research
Platform. Dokuz Eylil University Non-Interventional
Research Ethics Committee approval was obtained for this
study (decision no: 2020/19-26, date: 17.08.2020). Written
institutional permission was obtained from the hospital
where the research data were collected. Informed consent
was obtained from the individuals participating in the
study.

Results

The experiences of the nurses who participated in this
study were summarized in six main themes.

In the study, 83% of the nurses participating in the
study were female and 17% were male. 67% of them are
in the 25-35 age range. 50% of this participants have been
working for 1-9 years and 75% of them have been working
in intensive care for 1-9 years. 67% of them had polymerase
chain reaction (PCR) test, and 63% of them had PCR test
1-5 times (Table 1).

The nurses who participated in this study reported
that they experienced fear, anxiety, and worry during the
pandemic process and were generally afraid of infecting
virus their families (Table 2).

“Nurses participating in the study reported that they had
fear of being infected with the virus, infecting their relatives,
stigma, and being away from their loved ones.” (N3)
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Table 1. Descriptive characteristics of nurses (n=12)

Variable n (%)
Female 10 83%
Gender Male 2 17%
Ade 25-35 8 67%
9 35-45 4 33%
. Married 6 50%
Marital status Single 6 50%
Pre-licence 1 8.3%
Educational status License 10 83.3%
Master’s degree 1 8.3%
1-9 years 6 50%
Work experience as a nurse 10-19 years 4 33%
20-29 years 2 17%
Work experience as an intensive care nurse 1-9years 2 75%
p 10-19 years 3 25%
Yes 8 67%
- ?
Have you had a COVID-19 test? No 4 33%
. Contacted 3 63%
- ?
Why did he get COVID-19 test? Symptom developed 5 379%
. 1-5 times 5 63%
?
How many times has the nurse been tested? 610 times 5 37%

COVID-19: Coronavirus disease-2019

Table 2. Emotions of intensive care nurses caring for the COVID-19 pandemic

Theme

Sub-themes

Nurses statements

Emotions of intensive care
nurses caring in the COVID-19
pandemic

Fear

N6: “When [ first heard that | will start caring for a patient diagnosed with
COVID-19, I was horrified, we were entering an unknown process, | felt like
soldiers in the war.”

N4: “l was unafraid of being infected with the virus, | was afraid of infecting
my children and relatives with the disease me.”

N9: “l was afraid of not being able to provide adequate care to patients and
that | would be infected.”

Worry/anxiety

N11: “At first we were worried. Thanks to our experience and the support
we give to each other with our teammates, our anxiety has decreased day
by day.”

N1:“I was worried because we did not know the course of the disease at the
beginning of the pandemic, and we did not know what awaited patients in
the future.”

N7: “The sudden worsening of the patient’s condition worried us.”

COVID-19: Coronavirus disease-2019

In this study, it has been reported that the intensive care psychologically worn out due to patient care and the use of
nurses who care during the COVID-19 process have difficulty difficult equipment (Table 3).

in applications such as aspiration, intubation, and oral care,
which have a higher risk of virus transmission. It was stated

“The application that | think is the most challenging and
with the highest risk of contamination during the pandemic
process is an aspiration, oral care, intubation, feeding of the

that the most challenging equipment was glasses, masks,  conscious patient, general body care, Ambu application, and
and overalls. Nurses reported that they were physically and CPAP application.” (N5)
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Table 3. Challenges of intensive care nurses during the COVID-19 pandemic

Themes Sub-themes

Nurses statements

Coercive practices during a
pandemic process

N12: “I am afraid to apply CPAP because it increases the risk of
transmission.”

N8: “We were supporting the oral nutrition of conscious

patients. Even though we had full protective equipment, we were in
direct contact with the patient’s secretions. We fed them with our
hands. I think the risk of transmission is very high because we come
into very close contact.”

Challenges of intensive care nurses
during the COVID-19 pandemic

Forceful equipment in the
pandemic process

N2: “My most disturbing protective equipment in patient care was
the N95 mask, overalls, and goggles.”

N6: “The glasses fog a lot and restrict the field of view when
approaching the patient. It is very difficult to work with aprons

all the time and I sweat all the time. The mask, on the other hand,
makes it difficult For me to breathe easily and | always have pressure
marks on my face.”

N7: “Sweat a lot in my overalls. | feel the need to constantly change
uniforms. The glasses were making too much steam. | have asthma
and have a hard time breathing with masks.”

N9: “We had to work more carefully because of the steam in the
goggles. During this, we were both more careful and faster, and
we intervened immediately. However, this process has worn us out
physically and psychologically.”

COVID-19: Coronavirus disease-2019

Table 4. The precautions taken by intensive care nurses during the COVID-19 pandemic

Themes Nurses statements

Precautions taken by intensive
care nurses during the COVID-19
pandemic

N6: “I didn't leave the house for 2-3 days and | applied room isolation when | stayed at home. | wore
a mask at home. | separated forks and spoons. | was away from my children. During this time, | did
not use public transportation.”

N3: “Clean the bathroom and toilet constantly. | had a shower before | came face to face with my
children. We created an isolation room at home and ate our meals separately.”

N5: “At the beginning of the process, | stayed in dormitories arranged by the state. | was separated
from my children for a month. Afterward, | realized that this process would not end immediately, |
got used to the methods of protection, | knew better what to do now, | went back to my home.”
N4: “ haven't been in the same room with my 2 sons for about 3 months. | used a separate toilet. |
used a mask during cooking. We made room isolation and ate our meals separately.”

Ne6: “Since I live with my family, | have stayed at my friends’ house for 1.5 months. | was afraid of
infecting my mother with the virus. When I saw these cases, which were transmitted from the
children of hospitalized patients, | began to fear more. | didn't see my family.”

COVID-19: Coronavirus disease-2019

It was determined that the nurses who participated in
this study stayed away from their homes and children during
this process and those who stayed in the same house-
applied room isolation (Table 4).

“| had a shower in the hospital, | was isolated at home, |
used public transportation, | ate alone, | moved to a separate

house, and | did not see my family members, children, and
friends. In this process, | took these precautions.” (N7)
Intensive care nurses reported the physical effects of
the COVID-19 pandemic as back and leg pain, skin problems
due to frequent hand washing, sweating due to protective
equipment, and headaches due to masks. They started
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the psychological and social effects of the pandemic as
an increase in their longing for their relatives, a feeling of
loneliness, and a sense of social stigma and exclusion due
to being a healthcare worker (Table 5).

“| have back and leg pain. | have eczema and urticaria
problems. | drink very little water as it is difficult to put on
and take off the overalls. Therefore, urinary tract infections
developed. It progressed in my leg varicose veins.” (N1)

During this process, intensive care nurses reported that
they received support from their families and teammates
and that they wanted to receive financial support as well.
Motivation sources are also to help patients and to be shown
as a source of pride by society (Table 6).

"1 did not receive support from psychiatry. Someone who
has not experienced this process and this fear cannot know
how | feel. Cannot support me in this matter.” (N5)

Table 5. EFfects of the COVID-19 pandemic on intensive care nurses (physical, psychological, social)

Themes

Sub-themes

Nurses statements

Effects of the COVID-19
pandemic on intensive
care nurses

Physical problems
occurring during the
pandemic process

N6: “Because of the patient density, | stayed up longer. Since | could not meet my
toilet needs overall, | drank almost less water. | had kidney pain. I've had many
headaches attached to ffp2 masks. | felt exhausted after the seizure.”

N9: “Due to the workload, we couldn’t rest enough, we stood for too long, and we
were sweating a lot in our overalls. When we took of f the overalls, we experienced
back and leg stiffness. | had to change my jersey every time | got out of my overalls. |
had an allergic runny nose, headache, and migraine attacks. Due to more frequent
washing of our hands and the use of disinfectants, cracks and eczema occurred on our
hands.”

N11: “When | took off my overalls, | was sweating down to my socks. | frequently
uniform changed. | had foot and leg pains.”

N8: “I lose many fluids because | sweat excessively in the overalls. My uniform is
soaked with sweat. | have constant headaches. | can't breathe easily in the mask. | am
experiencing increased fatigue and pain.”

Psychological issues in
pandemic process

N6: “l am experiencing problems such as sleep problems, longing, loneliness, anxiety,
and tension during the pandemic process.”

N5: “We are so worn out psychologically. During this period, we supported each other
with our colleagues. Being together with people who are in the same situation as us
has increased my strength.”

N4: “My wife has hypertension, | was afraid of infecting her. This increased my stress
even more.”

N1: “People around us were worried that we could infect them because we are
healthcare professionals. When it was Boyle, | got nervous too. But as the process
progressed, we started to gain acceptance.”

N9: “There were many negative people around me during this process. | was careful
not to talk to people who weren't going through the same thing as me. | stayed away
from them. They looked at me with pity.”

N3: “Because we do not have a social life and work is busy, | started to not be able to
enjoy life, | went into burnout syndrome. I've come to the point of quitting my job. But
we gave patient care in the best way possible. Seeing the patients recovering was
raising our hopes.”

Social problemsin a
pandemic process

N11: “My partner was horrified at first. So, my partner and | stayed in different rooms.
1 didn’t meet my parents for a while. | felt like my neighbors were looking at me with
pity on my way to work. | never took off my mask in not to disturb my neighbors.”

N4: “Not being able to see our friends have affected us negatively. Even if we meet, |
felt that they were uncomfortable with me because | was a hospital employee, | could
not go to the meet.”

N5: “When my neighbors saw me, they were worried that you might infect us with a
virus.”

N4: “| felt excluded, there were people who did not want to see me because | am a
healthcare worker. My acquaintances conveyed their prayers to me through messages
and telephone.”

COVID-19: Coronavirus disease-2019
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Table 6. Support and motivation resources of intensive care nurses in the COVID-19 pandemic

Themes Sub-themes

Nurses statements

Support systems in the pandemic
process

financial support

support from colleagues

family, friend support

moral support

Support and motivation psychological support

resources of intensive care

N6: “In this process, | want to increase the number of nurses and let us
rest more. We are exhausted physically and psychologically.”

N7: “Activities that will increase our motivation psychologically and
socially can be planned. Concerts and events can only be organized for
healthcare professionals.”

N2: “All occupational groups work with flexible hours, and health
professionals work overtime. We, as health professionals, are

exhausted.”

nurses in the COVID-19

pandemic Motivation sources during the

pandemic process

N6: “Since | had the COVID-19 disease, | could understand how the
patients in the intensive care unit felt. | tried motivating the patients
to get well. Caring for and supporting patients who needed me
increased my motivation.”

We hope that the bad days will
end one day

N11: “I didn’t have any source of motivation. We continued to do our

job in the hope that this disease will one day end.”

Being a source of pride

N8: “Patients were our biggest motivation.”
N7: “We were motivated by the thanks and applause support given to
the healthcare professionals on social media and television.”

COVID-19: Coronavirus disease-2019

Table 7. Difference between the first pandemic shift and the shift at the end of two months

Themes Sub-themes

Nurses statements

Experience and knowledge
increase

N6: “As | gained experience in treatment and care planning, | started
to do it better. I learned to motivate myself. | learned how to protect
myself. | was more relaxed than the Ffirst shift.”

The difference between the first
pandemic seizure and the seizure at
the end of 2 months

Learning to protect yourself

N9: “We learned to use protective equipment. We saw that it is not
easy to infect. We have experienced that the equipment protects us.
Our knowledge of the disease process has increased. We felt more
comfortable while giving care.”

Relaxation when approaching
the patient

N11:“I felt more comfortable. | could manage care better. Intensive
care is an environment that requires teamwork. As we learned to

manage the whole team, our risk of contagion decreased.”

COVID-19: Coronavirus disease-2019

During this period, they reported that they were more
confident, experienced, and more comfortable while giving
care to the patient during their seizures two months after the
first patient care (Table 7).

“Started to do my job more confident. The stones have
begun to fall into place. We are experienced in protection
and care. Our stress and tension have decreased.” (N12)

Most of the intensive care nurses reported that the
process did not make a positive contribution. Some nurses
reported that their professional development increased, their
crisis management skills improved and their professional
values increased in the society expressed (Table 8).

“I've seen too many complicated cases in a short time. |
have developed myself more in terms of nursing. During
this period, we became stronger as nurses. We saw the
importance of teamwork more.” (N9)

Discussion

In this study, COVID-19 pandemics of intensive care
nurses involved throughout the process to determine both
physical and psychological problems they experience in this
process, how they cope with this problem, is conducted to
determine what they feel. This study results have shown
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Table 8. Positive contribution to the pandemic process

Themes Sub-themes

Nurses statements

Did not contribute positively

N12: “Don’t think it has a positive effect. We are exhausted
physically and psychologically.”

Professional development

N9: “Our professional development has increased in a short time.
We learned fast patient care. We better understood the importance
of seconds inpatient intervention.”

Positive contribution to the
pandemic process Increasing the value of the profession

in society

N9: “It has been seen that the nursing profession has a very
different and valuable dimension that distinguishes it from other
professions.

It has been seen how valuable and needed nurses who work for 24
hin patient care are during a pandemic. We have seen that we can
overcome all difficulties.”

Crisis management

N1: “I feel more advanced. | learned more about nursing initiatives,
nursing care, and crisis management in a short time. | used my
coping skills.”

once again the burden of nurses working in the pandemic. It
is aimed to identify the aspects that need to be supported
by nurses, who constitute the largest part of the healthcare
system and to make their problems visible to increase their
motivation. Nurses who experienced fear in the first periods
of caring for COVID-19 patients reported that they provided
care in a more comfortable and experienced manner in their
shifts two months later. Nurses who provided care with
negative emotions at the beginning of the process reported
that negative emotions were replaced by positive emotions
over time. In the Ebola and Middle East Respiratory
syndrome coronavirus epidemics, the problems of nurses
such as working hours, fatigue, and stress were similar to
the problems in the COVID-19 pandemic. similar (5,23,24).
In parallel with the study conducted by Sun et al. (25), in
this study, nurses were afraid of transmitting the virus to
family members. In the literature, many negative situations
such as fear, anxiety, anxiety, and helplessness have been
reported in healthcare professionals in epidemic disease
situations (23,26). In this study, it was observed that nurses
experienced fear and anxiety at the beginning of patient care.

In cases of an epidemic, nurses should be included in
psychological support programs in the early period. As in
the results of other studies, nurses in this study reported
that they were afraid of the virus infecting themselves and
their relatives (21,27). In addition to working in difficult
conditions with fear, the fact that the nurses distanced
themselves from their relatives reduced their social support,
and the nurses who stayed home distanced themselves
from their families in the form of room isolation. In many
studies, epidemic diseases cause psychological trauma to
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caregivers (26,28). Because of this study, it was observed
that nurses experienced negative emotions such as fear and
anxiety during the patient care process. It has been reported
that situations such as being appreciated, applauded, and
thanked by society in addition to negative emotions make
nurses proud. The nurses participating in the study reported
that they were exhausted during this process, had difficulty
staying with protective equipment during long working hours,
and had many physical problems due to the equipment.
They reported physical problems such as sweating a lot due
to overalls, and low back and leg pain due to standing for
a long time. because of the addition of fatigue and stress
factors, the immune system of the nurses weakened, and
the risk of getting sick increase. Liu et al. (29) In their study,
reported that nurses had difficulties working with protective
equipment, especially staying in overalls made them sweat
and made movement difficult. Sun et al. (25) in their study “I
have a headache, chest tightness, palpitations due to wearing
protective clothing for a long time.” nurses who care for
patients infected with the COVID-19 virus have reported that
working continuously with protective equipment increases
their workload (1,30,31). It has been observed that the high
workload of intensive care nurses affects both the risk of
burnout and the quality of care (32).

Liu et al. (29) the sudden development of the epidemic
dragged intensive care nurses onto an unknown path, but
they reported that seeing a large number of cases in this
short period of time contributed greatly to their professional
development. Similar results were obtained in a study (30).
Despite the various difficulties they face, the only aim of
intensive care nurses is to serve their patients been to
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providing quality care and ensuring their recovery. They have
succeeded in overcoming situations such as fear, anxiety,
and stress. They stated that the most important support
systems in this process were their teammates, and they also
stated that they had moral support from their families, albeit
from a distance. During this difficult period, almost all of the
intensive care nurses did not receive psychological support.
However, it is recommended that nurses struggling with the
epidemic receive expert support. Thanks that will help them
deal with the problem (33). Some nurses who participated
in this study had not seen their children for months. Some
nurses stayed away from their children in the same house,
and in this process, nurses needed psychological support.
Nurses weren't afraid of getting infected They had a fear
of infecting their families. Sun et al. (25) “My child and my
mother cry every day, they are afraid that will infect me
with a virus, but | am more worried about them...” Even if
it is difficult to provide individual support programs, nurses’
stress can be relieved by group interviews with the intensive
care team. Studies on previous outbreaks have also reported
that nurses experience burnout, fatigue, exhaustion, and
a high workload (33). Nurses also had to contend with
psychological and physical challenges. It is recommended
that manager nurses and psychologists bring appropriate
solutions to these negative situations experienced by
intensive care nurses (34).

Conclusion

This study has shown that nurses play an important role
in health care during the pandemic. Concrete measures
should be taken, such as the need to develop support
systems for nurses who are physically and psychologically
under a heavy burden, increase the number of staff, reduce
long working hours, and make plans to minimize the risk
of contamination. In this study, it was observed that nurses
experience positive and negative emotions at the same time.

While thinking about their families, they also worried about
their patients, and despite their physical exhaustion, they
managed to provide the best patient care.

The fact that nurses who experienced fear and anxiety
at the beginning of the pandemic gave care in a more
comfortable, self-confident, and experienced manner in their
shifts two months later shows that they came out of the
negative process stronger. This study is important in terms
of determining the needs and difficulties of intensive care
nurses in the fight against a pandemic that will occur in the
future and taking facilitating measures. It has shown that
nurses, who are such a strong professional group, should be
prioritized and supported more during this and similar crisis
process.
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The Efficacy of Continuous Renal Replacement
Therapy and Hemoabsorption Treatments in COVID-
19 Patients in the Intensive Care Unit: A Retrospective
Evaluation

Yogun Bakimda Yatan COVID-19 Hastalarinda Siireki
Renal Replasman Tedavisinin ve Hemoabsorbsiyon
Tedavilerinin Etkinliginin Retrospektif Degerlendiriimesi

ABSTRACT Objective: The World Health Organization has emphasized that as there is no specific
anti-coronavirus disease-2019 (COVID-19) treatment, supportive care according to disease severity
is important. Previous studies have shown that acute kidney injury (AKI) develops in 30% of severe
COVID-19 patients followed up in intensive care units and most these require renal replacement
therapy. This study aimed to evaluate the COVID-19 prognosis, renal function, and organ systems
of adult, severe COVID-19 patients treated with continuous renal replacement therapy (CRRT) and
the effects on secondary hemophagocytic lymphohistiocytosis with the additional application of
absorption filters.

Materials and Methods: A retrospective examination was made of the data of COVID-19 patients
who applied for CRRT between 11.03.2020 and 15.06.2021. The demographic data of the patients
were recorded together with the renal function test results before and after CRRT, and the
biochemical parameters were included in the COVID-19 prognosis.

Results: Positive changes were determined in the kidney functions with CRRT applied to
patients who developed AKI. No statistically significant difference was observed in the
biochemical parameters included in the COVID-19 prognosis. In the 14 patients who applied with
hemoabsorption, the need for short-term inotropic support was reduced. In our study, the mortality
of the patients who were treated with CRRT was 95% (2 patients transferred to the ward), while
the average intensive care unit stay was 18.2+11 days. While improvement was detected in renal
function tests with CRRT applied to patients with AKI, no statistically significant difference was
found in biochemical parameters in the prognosis of COVID-19. While mortality was 92.8% in 14
patients who underwent hemoabsorption, a short-term improvement was observed in the need
for inotropes in these patients.

Conclusion: Although vaccinations are expected to definitively eliminate COVID-19, for critical
COVID-19 patients for whom the treatment options are limited, it would seem rational to adopt
immunomodulator strategies including extracorporeal blood purification and supportive treatment
such as CRRT. The results of this study have shown that CRRT applied to severe COVID-19 patients
who develop AKl is an effective treatment for kidney failure. However, the effect on the progression
of COVID-19 could not be clearly shown.

Keywords: COVID-19, kidney failure, continuous renal replacement therapy, kidney functions,
prognostic factors

0z Amag: Koronaviriis hastaligi-2019 (COVID-19) enfeksiyonu icin spesifik anti-COVID-19
tedavisinin olmadigi ve hastaligin siddetine gore destekleyici bakimin énemli oldugu, Dinya Saglik
Orgiiti tarafindan vurgulanmistir. Calismalarda yogun bakim Gnitelerinde takip edilen, ciddi COVID-
19 hastalarinda %30 oraninda akut bobrek hasari (ABH) gelistigi ve cok buyUk bir kisminda renal
replasman tedavisi ihtiyaci oldugu gérilmistiir. Calismamizda; yetiskin agir COVID-19 hastalarinda
sirekli renal replasman tedavisi (SRRT) ile organ sistemleri, bébrek fonksiyonlar, COVID-19
prognozu ve ek olarak uyguladigimiz sitokin absorblama filtreleri ile sekonder hemofagositik
lenfohistiyositoza etkilerini degerlendirmeyi amacladik.
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Gereg ve Ydntem: 11.03.2020-15.06.2021 tarihlerinde SRRT uygulanmis olan COVID-19 hastalarinin verileri retrospektif olarak incelendi. Hastalarin
demografik verileri, SRRT 6ncesi ve sonrasi bobrek fonksiyon testleri ve COVID-19 prognozunda yer alan biyokimyasal parametreler kaydedildi.

Bulgular: Calismamizda SRRT tedavisi uygulanan hastalarin mortalitesi %95 (2 hasta servise devir) olarak tespit edilirken ortalama yogun bakim yatis slresi
18,2+11 glin olarak degerlendirildi. ABH olusan hastalara uygulanan SRRT ile bdbrek fonksiyon testlerinde diizelme tespit edilirken COVID-19 prognozunda
yer alan biyokimyasal parametrelerde istatiksel olarak anlamli fark bulunmadi. Hemoabsorbsiyon uygulanan 14 hastada mortalite %92,8 olarak tespit
edilirken bu hastalarin inotrop ihtiyacinda kisa sureli bir iyilesme oldugu tespit edildi.

Sonug: Asilarin COVID-19'u kesin olarak ortadan kaldirmasini beklerken, sinirli tedavi secenekleri olan COVID-19'lu kritik hastalara, SRRT gibi destek tedavisi
ve ekstrakorporal kan purifikasyonunun dahil oldugu immdnomodiuilator stratejileri benimsemek mantikli gériinmektedir. Calismamiza gore ABH gelisen agir
COVID-19 hastalarina uygulanan SRRT, bébrek yetmezliginde etkin bir tedavidir. Ancak COVID-19 progresyonunda etkinligi net olarak ortaya konulamamistir.

Anahtar Kelimeler: COVID-19, bobrek yetmezligi, strekli renal replasman tedavisi, bdbrek fonksiyonlari, prognostik faktérler

Introduction

Coronavirus disease-2019 (COVID-19) in adults and
children is a disease with a broad clinical spectrum from
asymptomatic or simple upper respiratory tract infection
to severe respiratory or multiorgan failure with a need for
intensive care. Previous studies have shown a significant
association between multiorgan involvement and mortality
(1). The clinical course in severe COVID-19 patients can be
separated into three main phases; the early infection phase,
the pulmonary phase, and the hyperinflammation phase.
Phase 2 and phase 3 do not follow consecutively but overlap
and this causes the development of multiorgan failure (2).

The first data coming from China at the beginning of the
pandemic showed a relatively low incidence of acute kidney
injury (AKI). It was reported to be seen at the rate of 0.5%
in all cases and 2.9% of severe cases (3). In the subsequent
period, this rate was seen to be as high as 28-37% in reports
from the USA, and it was emphasized that the risk of AKI
was even higher in hospitalised patients. In previous studies,
the requirement for acute dialysis has been seen to vary
between 20% and 50% in patients with COVID-19-related
AKI (4).

The etiology of kidney damage associated with COVID-
19 is multifactorial. These factors include hemodynamic
instability, inflammation, cytokine expression, endothelial
dysfunction, changes in the microcirculation, nephrotoxic
exposure, and the effects of invasive mechanical ventilation
(5).

In the intensive care unit (ICU) follow up of severe COVID-
19 patients who develop AKI, continuous renal replacement
therapy (CRRT) is generally selected rather than intermittent
hemodialysis methods as patients are hemodynamically
unstable (4,5). The advantage of CRRT methods is that in
patients with septic shock, cytokine absorption systems can
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be integrated at the same time while applying this method,
and the hyperininflammation phase of COVID-19 infection
can also be treated at the same time (2).

Elevated levels of blood inflammatory mediators are
predictive of the fatal outcome in COVID-19 patients. For
this reason, immunomodulation therapies are considered as
a part of standard practice in the management of severely
il COVID-19 patients. One way to make immunomodulation
is specific or non-specific antagonism of the parts of the
immune system. Examples for specific blockade are
anakinra, tocilizumab, and baricitinib for IL-1, IL-6, and Janus
kinase inhibition, respectively. Examples for non-specific
immune system modulators are glucocorticoids, colchicine,
mesenchymal stem cells, convalescent plasma. Another way
for immunomodulation is the abovementioned extracorporeal
blood purification (6).

The aim of this study was to evaluate the effect of CRRT
on COVID-19 prognosis, renal functions and organ systems
of COVID-19 patients who developed AKI during intensive
care follow up and the effects on secondary hemophagocytic
lymphohistiocytosis (sHLH) with the additional application of
absorption filters.

Materials and Methods

Approval for the study was granted by the Non-
Interventional Clinical Research Ethics Committee of
Eskisehir Osmangazi University Faculty of Medicine
(decision no: 32, dated: 06.04.2021). All procedures were in
compliance with the principles of the Helsinki Declaration.

A retrospective evaluation was made of the data of
severe COVID-19 patients applied with CRRT during follow
up in the Anaesthesiology ICU of Eskisehir Osmangazi
University Medical Faculty Hospital between 11.03.2020
and 15.06.2021.
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Study Design

In the examination of the ICU patient records, it was seen
that renal functions were evaluated according to the standard
clinical guidelines criteria [Kidney Disease Improving Global
Outcomes (KDIGO)]. According to these, patients with <0.3
mL/kg/hours (h) within 24 h were accepted as oliguria or
within 12 h as anuric, evaluated as KDIGO grade 3 and above
as indication for CRRT, and the records of these patients
were examined.

Accordingly, the indication for starting CRRT evaluated
according to the KDIGO recommendations (7) was
determined as prescribed when effluent flow rate was
25-30 mL/kg/h (8), there was regional citrate anticoagulation
of the anticoagulant selection and ionised calcium (iCa)
after filtering for follow up was measured once in 6 h. The
application was performed in our centre with two devices
for continuous veno-venous hemodiafiltration. Multifiltrate
(Fresenius, Bad Homburg vor der Hohe, Germany) and a
1.8 mZ membrane (AV1000 set; Fresenius) and Prismaflex
(Baxter Inc., Deerfield, IL, USA) and a 0.9 m? membrane
(ANB9 M 100 and M150 filter set; Gambro) were used, and
for hemoabsorption, CytoSorb (CytoSorbents Corporation,
USA) and Oxirus (Baxter Inc., Deerfield, IL, USA).

Study Population

Patients were excluded from the study if they were
aged <18 years, had a history of any renal disease, or did
not have COVID-19 infection confirmed with a polymerase
chain reaction (PCR) test during follow up. After exclusion
of these patients, there were 280 patients remaining in the
relevant time period. Of these 280 patients, 123 developed
AKI, of which 41 met the KDIGO grade 3 criteria and were
applied with CRRT. All other patients were excluded from the
study and these 41 were included for analysis.

A retrospective record was made for each of these 41
patients applied with CRRT of demographic characteristics,
comorbid diseases, medical treatments applied, the

Sequential Organ Failure Assessment (SOFA) score, inotrope
requirements, daily urine follow-up, CRRT modalities applied
and the settings, the duration and number of applications,
hemoabsorption column if applied, length of stay in ICU,
requirement for mechanical ventilation, and mortality status.

To evaluate the efficacy of the CRRT treatment, kidney
functions [urea, creatinine, glomerular filtration rate (GFR),
Na, K, Cl, Ca, phosphorus], acute phase reactants, lactate
dehydrogenase (LDH), ferritin, D-dimer, C-reactive protein
(CRP), lymphocyte, procalcitonin, and lactate values were
recorded pre and post-treatment.

Statistical Analysis

Data obtained in the study were analyzed statistically
using IBM SPSS Statistics vn. 21.0 software (IBM Corpn.
released 2012, SPSS Statistics for Windows, Armonk, NY,
USA). Continuous data were stated as mean + standard
deviation values. In the comparisons of two groups of data
with normal distribution, the independent samples t-test
was used. For repeated measurements, two-way repeated
measures ANOVA analysis (One Factor Repetition) was
applied. A value of p<0.05 was accepted as statistically
significant.

Results

Initial examination was made of the data of PCR (+)
COVID-19 cases followed up in ICU between 11.03.2020 and
15.06.2021. Of 280 patients, 41 were applied with CRRT. The
demographic data and laboratory parameters were recorded
from the patient files. The patients comprised 51.21% males
and 48.78% females with a mean age of 69.0+11.3 years.
Comorbidities were determined as hypertension in 70.7% of
the patients, diabetes mellitus in 48.8%, and malignancy in
21.9%. The demographic data are shown in Table 1.

When evaluated in terms of mortality, 95% (2 patients
were transferred to the service, 39 patients died in the

Table 1. Demographics of 41 patients with COVID-19 infection

Age 69+11.3
Male 21 51.21%
Gender
Female 20 48.78%
Hypertension 29 70.7%
Concomitant diseases Diabetes mellitus 20 48.8%
Malignancy 9 21.9%

COVID-19: Coronavirus disease-2019
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ICU) mortality was detected in the patients we applied
CRRT treatment. The time from symptom onset to the
start of CRRT was determined as mean 12.1 days. The day
of starting CRRT corresponded to phase 2 of the clinical
stages of the disease. The access region selected for
CRRT was determined to be the right jugular vein followed
by the femoral vein. The severe COVID-19 patients with
a need for CRRT were determined to have a high SOFA
score (10.08+2.85). From the clinical observations of the
patients who required CRRT, they were determined to be
hemodynamically unstable, required inotropic support, and
were oliguric or anuric in follow up. The anticoagulants were
determined to be mostly regional citrate. iCa after filtration
was monitored by measuring once in 6 h. The kidney
functions routinely tested before and after CRRT and the
acute phase reactants evaluated in the disease prognosis
are summarised in Table 2. Following treatment, a significant
improvement was determined in the urea, creatinine, GFR,
potassium, chlorine and phosphorus values of the kidney
functions.

The patients were observed to have elevated
inflammation markers. Pre-treatment values were measured
as ferritin: 1569.25 (13-150 ng/mL), D-dimer: 12.47 (0-0.5
mg/lt), CRP: 171.64 (0-5 mg/It), neutrophil-lymphocyte ratio
(NLR): 30.36 (1-3), lactate: 3.21 (0.56-1.39 mmol/lt), and
procalcitonin: 8.74 (0-0.046 ng/mL). Following CRRT, the
mean values were determined to be ferritin: 1243.07 (13-
150 ng/mL), D-dimer: 7.72 (0-0.5 mg/It), CRP: 147.32 (0-5
mg/It), NLR: 26.0 (1-3), lactate: 3.00 (0.56-1.39 mmol/lt),
and procalcitonin: 7.56 (0-0.046 ng/mL). The inflammation
marker values were numerically better after CRRT, but the
difference was not statistically significant. The values before
and after CRRT of the biochemical parameters included in
the disease prognosis are shown in Table 3.

Throughout the defined study period, CytoSorb
(CytoSorbents Corporation, USA) or Oxirus (Baxter Inc.,
Deerfield, IL, USA) was used as cytokine filter in 14 patients
in addition to CRRT. The inotrope requirement of the patients
where cytokine filter was used in the clinical follow up was
seen to be reduced in the short-term.

Table 2. Laboratory data before and after the start of CRRT

Number of patients Pre-CRRT values Post-CRRT values p-value
Ferritin 22 1569.25 (104-7403) 1243.07 (153-3248) 0.300
D-dimer 26 12.47 (0.480-80.0) 7.72 (0.310-34.1) 0.095
CRP 31 171.64 (11.5-383) 147.32 (24.4-420) 0.157
NLR 41 30.36 (2.30-97.0) 26.01 (4.40-96.0) 0.076
Lymphocyte 38 1.06 (0.200-7.10) 1.15 (0.140-5.40) 0.472
Lymphocyte % 37 5.13(0.100-28.0) 5.49 (0.700-16.2) 0.595
Urea 40 62.07 (20.9-138) 32.13(10.1-72.0) <0.001
Creatinine 40 2.80(0.980-6.89) 1.59 (0.570-5.20) <0.001
GFR 40 27.90 (6.91-128) 51.63 (10.7-90.0) <0.001
Na 41 141.24 (126-149) 140.24 (128-149) 0.444
K a1 5.05 (3.11-7.04) 3.70 (2.44-5.16) <0.001
cl 40 105.32 (91.6-120) 99.83 (92.8-106) <0.001
Ca 40 7.68 (6.16-9.50) 8.56 (2.87-11.1) 0.001
P 40 5.63 (1.40-10.5) 3.82(1.60-10.2) <0.001
Lactate 41 3.21(1.20-15.0) 3.00 (0.300-18.0) 0.570
Procalcitonin 31 8.74 (0.0200-68.0) 7.56 (0.270-58.0) 0.674
SOFA 41 10.80+2.848 10.83+3.016 0.931
CRRT: Continuous renal replacement therapy, CRP: C-reactive protein, NLR: neutrophil-ymphocyte ratio, GFR: glomerular filtration rate, SOFA: Sequential Organ Failure
Assessment
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Table 3. Biochemical parameters in the prognosis of COVID-19 before/after CRRT treatment

CRRT (before treatment) CRRT (after treatment) p-value Normal values
Ferritin 1569.25 (104-7403) 1243.07 (153-3248) 0.300 13-150 ng/mL
D-dimer 12.47 (0.480-80.0) 7.72 (0.310-34.1) 0.095 0-0.5 mg/lt
CRP 171.64 (11.5-383) 147.32 (24.4-420) 0.157 0-5 mg/lt
NLR 30.36 (2.30-97.0) 26.01 (4.40-96.0) 0.076 1-3
Lactate 3.21(1.20-15.0) 3.00 (0.300-18.0) 0.570 0.56-1.39 mmol/lt
Procalcitonin 8.74 (0.0200-68.0) 7.56 (0.270-58.0) 0.674 0-0.046 ng/mL

CRRT: Continuous renal replacement therapy, CRP: C-reactive protein, NLR: neutrophil-lymphocyte ratio, COVID-19: Coronavirus disease-2019. “Two way reapeated mesasures

ANOVA (One Factor Repetition)” test was used (p<0.05).

Discussion

Several observational and retrospective studies have
contributed to the understanding of the clinical status of
COVID-19. However, in addition to providing supportive
medical care, there continues to be uncertainty about the
real efficacy of treatments which have been recommended
by testing under dramatic clinical conditions (2).

Contradictions have emerged in therapeutic
recommendations (antiviral drugs, steroids, anti-IL) and
guidelines, and in the effects of rescue and supportive
treatments applied to severe patients in emergency
conditions. It must also be emphasized that guidelines and
recommendations are being constantly developed as a result
of new trials. The World Health Organization has stressed
the importance of supportive treatments according to the
severity of the disease, as there is no evidence on which to
recommend any specific anti-COVID-19 treatment for severe
cases with confirmed disease (9).

Although the respiratory system is the main target of
COVID-19, other organs in the body can be infected by the
virus through the circulation system (10). In literature, it can
be observed that kidney involvement is frequent and can
vary from mild proteinuria to advanced AKI (11).

The pathophysiology of AKI can be associated
with COVID-19-specific mechanisms (direct viral entry,
disproportional RAS activation, proinflammatory cytokines
increased by viral infection, and thrombotic status) and
non-specific mechanisms (right heart failure, hypovolemia,
nosocomial sepsis, nephrotoxic drugs, mechanical
ventilation, and hemodynamic changes). There is no specific
treatment for AKI due to COVID-19 (10).

Current literature shows the frequency of AKIl in COVID-
19 patients varying between 0.5% and 45% and it has been

reported to indicate a poorer prognosis. The reasons for the
variability in incidence have been stated to be that different
definitions are used to classify AKI, different populations
have been studied, different criteria have been accepted and
different countries have different resources (12).

In a study of 192 patients, Gameiro et al. (12) reported
that AKI developed in 55.2%, of which 12.5% were
determined to meet the KDIGO grade 3 criteria (12). Of the
280 COVID-19 patients in ICU screened in the current study,
AKI was determined to have developed in 123 (43.9%). Of
this patient group, 14% met the KDIGO grade 3 criteria,
which was consistent with the literature.

The time to starting CRRT was mean 12.5 days in a
study by Lowe et al. (13) and Ronco et el. (11) reported the
start of CRRT on the 15" day after disease onset. From an
examination of the records of the AKI patients in the current
study, the time of starting CRRT was determined to be mean
12.5 days, consistent with the literature. It was also seen
that the day on which CRRT was started corresponded to
Phase 2 of the clinical stages of the disease.

In a study by Sabaghian et al. (14), the mean age of AKIl
patients was reported to be older (72+15 years) (p<0.001)
and there was male gender predominance (69%) (p<0.05).
A large-scale meta-analysis which included 21,060 COVID-
19 patients, showed that in 39 of 41 studies there was a
higher probability of severe disease in males than in females
(15). In the current study, the mean age of the patients was
69.0+11.3 years, and unlike other studies, the numbers of
male (51.21%) and female (48.78%) patients were close to
each other.

There has been reported to be a significantly high
frequency of hypertension and cardiovascular disease
accompanying AKI (14). In a study by Gameiro et al. (12),
comorbidities in AKl patients were determined to be
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significantly high as hypertension (78.3% vs. 56.5%,
p=0.001), chronic renal failure (28.3% vs. 9.4%, p=0.001), and
COPD (19.8% vs. 7.1%, p=0.012) (11). In the current study
patients, comorbidities were determined as hypertension in
70%, diabetes mellitus in 48.8, and malignancy in 21.9%.

Paek et al. (16) reported in-hospital mortality at the rate
of 90% in AKI patients. Likewise in the current study, the
frequency of mortality was 90%. In a study by Zarebska-
Michaluk et al. (17), the mean time to mortality was
determined as 8 days in 82 patients classified as kidney
function GFR <30 mL/L/min. From the records of the current
study patients, the time to mortality was mean 18 days.
Although the mortality rate of the AKI grade 3 patients in
the current study was high, with the rehabilitation including
CRRT in ICU, the time to mortality was longer than reported
in previous studies.

If organ dysfunction is to be measured objectively, the
SOFA score can be used. Although this score was developed
as a measure of the severity of organ dysfunction, it has
prognostic value and has been used for that purpose in many
studies (18). In a multicentre cohort study by Zhou et al. (19),
a high SOFA score (7,15) in 191 patients was determined
to be a potential risk factor for mortality (18). The severe
COVID-19 patients who required CRRT in the current study
were determined to have a high SOFA score (10.08+2.85).

There are various aims of extracorporeal blood purification
for severe COVID-19 and AKI patients (2). These include the
removal of solid loads such as creatinine and urea, convection
of inflammatory mediators, cleaning wth absorption
or therapeutic plasma exchange, reshaping immune
homeostasis (20), correcting the body fluid compartment
and decreasing excessive fluid burden (21), correcting the
electrolyte and acid-base balance, and physically decreasing
hyperthermia (21). In the patients examined in the current
study, although the diuretic need arose associated with
positive fluid balance, due to hemodynamic instability and the
need for vasopressor asssociated wth endothelial damage,
fluid loss to the third space, and renal hypoperfusion, there
was progression to grade 3 AKI, and therefore CRRT was
started. All the AKI patients who required CRRT were
hemodynamically unstable and receiving inotropic support.
Before CRRT, the urea (62.07) creatinine (2.80), potassium
(5.05), phosphorus (5.63) and chlorine (105.32) values
were determined to be high. Following CRRT, a significant
improvement was determined in these kidney function
values of urea (32.13) creatinine (1.59), GFR (51.63),
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potassium (3.70), phosphorus (3.82), and chlorine (99.83).
Rhabdomyolysis, metabolic acidosis, and hyperkalemia
can develop in COVID-19 patients and are almost always
associated with hemodynamic instability (21). Urine analyses
of AKI and biomarkers are usually abnormal in COVID-
19 patients and can be used to characterise AKl in these
patients (22). In the current study, the effects were evaluated
of CRRT and hemoabsorption treatments applied to severe
COVID-19 patients who developed AKI. In the light of these
data, it can be considered that further prospective studies
related to severe COVID-19 treatment and organ failure that
may subsequently develop will reduce the uncertainty of
treatment processes in the ongoing pandemic.

It has been reported that systemic inflammation markers,
primarily ferritin, CRP procalcitonin, and LDH, are higher in
patients who develop AKl after COVID-19 infection compared
to COVID-19 patients with normal kidney functions (22).

In a meta-analysis by Zarebska-Michaluk et al. (17), CRP
was determined as 107 mg/L, procalcitonin as 2.83 ng/mL,
and D-dimer as 5.113 mg/It in patients with eGFR <30 mL/
min/1.73 m?, and CRP as 65.5 mg/L, procalcitonin as 0.28
ng/mL, and D-dimer as 1.638 mg/It in patients with eGFR
>60 mL/min/1.73 m2. The inflammatory parameters were
determined to be high in the eGFR <30 mL/min/1.73 m?
patient group (17). Gameiro et al. (12) compared the NLR
in patients with and without AKI, and determined higher
values in the patient group with AKI (7.8+6.5 vs. 4.9+4.0). In
addition, the ferritin value of 7600 ng/mL and lactate value of
0.89 mmol/It were determined to be higher in the AKI group,
but not at a significant level (12).

The inflammation markers of the patients in the current
study were determined to be higher than data in literature.
Pre-treatment values were measured as ferritin: 1569.25
(13-150 ng/mL), D-dimer: 12.47 (0-0.5 mg/It), CRP: 171.64
(0-5 mg/It), NLR: 30.36 (1-3), lactate: 3.21 (0.56-1.39 mmol/
It), and procalcitonin: 8.74 (0-0.046 ng/mL). Following CRRT,
the mean values were determined to be ferritin:1243.07
(13-150 ng/mL), D-dimer: 7.72 (0-0.5 mg/It), CRP: 147.32
(0-56 mg/It), NLR: 26.0 (1-3), lactate: 3.00 (0.56-1.39 mmol/
[t), and procalcitonin: 7.56 (0-0.046 ng/mL). Although the
inflammation marker values included in the COVID-19
prognosis were numerically better after CRRT, the difference
was not statistically significant.

In a study in which Chen et al. (23) evaluated
inflammatory markers separately, COVID-19 patients with
AKI were found to have higher serum CRP levels than the
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patients without AKI. CRP is a marker for renal replacement
therapy and for mechanical ventilation required by COVID-
19 patients. Therefore, a high CRP value is associated with
a poor clinical prognosis in COVID-19 patients. However,
the role of CRP and the mechanisms in which it is included
in AKI associated with COVID-19 are not fully known (23).
When literature is examined, it can be seen that there may
be a relationship between lymphopenia and the severity
of infection. In a cohort of 450 COVID-19-positive patients,
Qin et al. (24) analyzed the markers related to immune
response irregularity, and reported that severe cases tended
to have a lower lymphocyte count, higher leukocyte count,
and a higher NLR than mild cases (25). The hematological
(lymphocyte count, leukocyte count, NLR), inflammatory
(CRR sedimentation, IL-6), and especially biochemical
(D-dimer, troponins, CK) parameters were found to be
associated with a severe prognosis or mortality in COVID-19
patients, and therefore, it can be concluded that these can
be used as estimation-based biomarkers (25). A laboratory
score including hematological, inflammatory, biochemical,
and immunological parameters would be useful in
differentiating risk categories in the treatment methods and
clinical follow-up of COVID-19 patients (25). The potential
risk factors in the current study patients were determined to
be high before starting CRRT. These risk factors explain the
poor prognosis and high mortality of these patients. On the
basis of these findings, laboratory scoring would be useful
for clinicians to identify patients with a poor prognosis at the
early stage and to organise treatments.

Since the reporting of the first cases, cytokine storm has
been observed in the clinical course of severe COVID-19
patients (1,26). Similar to sepsis and septic shock, the nature
of cytokine storm in COVID-19 patients has been observed
to be organ dysfunction, increased vascular permeability,
hypovolemia, hypoperfusion, hypotension, cardiomyopathy,
tissue oedema, pleural effusion, increased intra-abdominal
pressure and cross-reactions of organs with each other (18).
Despite the initial low number of clinical studies therapeutic
approaches have entered clinical practice to reduce severe
acute pulmonary damage and multiorgan failure associated
with COVID-19 (27). Of the treatments directed at suppressing
the increased cytokine response with anti-inflammatory
treatments, promising results have been obtained from
reducing IL-6 (eg., tocilizumab, sarulimab, siltuximab), IL-1
receptor antagonist (eg., anakinra. canakinumab, rilonacept),
and even TNF-a inhibitors (eg., adalimumab). The theoretical

basis of only cytokine inhibition has been expanded with
the hypothesis that potential benefits could be obtained
from other immunomodulators which could be effective by
targetting different cytokine types (26).

Consistent with findings in literature, it was seen in the
current study that by using CRRT and cytokine absorption
columns, both renal replacement and supportive treatment
for sHLH developing in the course of the disease could be
given. In a prospective, observational study, Villa et al. (27)
determined a significant decrease in IL-6 concentrations,
and a decrease in the SOFA score associated with an
improvement in organ functions in patients treated with
cytokine absorption (Oxiris membrane; Baxter, IL, USA).

The mean day of starting CRRT in the current study
was the 12" day when hyperinflammation started. For the
14 patients where cytokine filter was used in addition to
CRRT, CytoSorb (CytoSorbents Corporation, USA) or Oxirus
(Baxter Inc., Deerfield, IL, USA) was used. From the daily
monitoring records of the patients, there was determined
to be a reduced need for short-term inotropes in patients
applied with cytokine filtration.

Another point which is usually found in discussions
related to treatment of sepsis-like syndromes is the
timing and monitoring of treatment. Clinical conditions
such as rhabdomyolysis (28), multiorgan failure related
to thrombocytopenia (29), multiple myeloma (29), and
acute rejection after organ transplantation (29) benefit
from extracorporeal blood purification. The decision to
start treatment is made when a series of mediators
reach a peak (29). Together with the onset of symptoms,
it is possible to determine biomarkers of the disease
(eg., myoglobin, von Willebrand factor and ADAMTS-13,
donor-specific antibodies). The same biomarkers can be
examined repeatedly and the treatment efficacy is followed
up objectively. Extracorporeal blood purification is directed
at the target and the timing of starting and finishing the
treatment is evident and clear (29). However, in the timing
of extracorporeal blood purification treatment for COVID-
19 cases, there are no specific biomarkers for starting and
finishing the treatment.

Limitations of this study could be said to be the relatively
limited number of patients, the variability in antibiotic levels
because of CRRT, and that there was no information about
whether or noot there was secondary infection in patients
with a high SOFA score. There remains a need for further
prospective studies on this subject.

Turk J Intensive Care 2023;21:181-9
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Conclusion

Although vaccinations create immunity and are expected
to definitively eliminate disease, for critical COVID-19 patients
for whom the treatment options are limited, it would seem
to be rational to adopt immunomodulator strategies including
extracorporeal blood purification and supportive treatment
such as CRRT. The results of this study have shown that
CRRT applied to severe COVID-19 patients who develop
AKl is an effective treatment for kidney failure. However, the
effect on the progression of COVID-19 could not be clearly
shown.
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Yogun Bakim Unitesinde Takip Edilen Agir COViD-19
Hastalarinda Farkli Solunum Destegi Yontemlerinde
Alveolo-arteriyel Oksijen Gradyan ve Mortalitenin
Degerlendirilmesi

Evaluation of Alveolo-arterial Oxygen Gradient and Mortality

in Different Respiratory Support Methods in Severe COVID-
19 Patients Followed in the Intensive Care Unit

0Z Amac: Agir pnémoni, koronaviriis hastaligi-2019 (COVID-19) enfeksiyonunda 6nemli bir mortalite
nedenidir. Bu ¢alisma, yogun bakim (initesinde takip edilen agir COVID-19 hastalarinda hipoksemik
solunum yetmezligi tedavisinde kullanilan nazal kandl, yiksek akisli nazal kanUl, non-invaziv pozitif
basincl ventilasyon ve invaziv mekanik ventilasyon ile solunum destegine goére pulmoner gaz
degisimini ve mortaliteyi degerlendirmeyi hedeflemektedir.

Gereg ve Yontem: Pamukkale Universitesi Hastanesi Anesteziyoloji Yogun Bakim Unitesi'nde
tedavi géren 140 agir COVID-19 hastasinin kayitlar retrospektif olarak incelendi. Hastalarin 3, 7, 14
ve 21. glnlerdeki arteriyel kan gazi sonugclari kaydedildi.

Bulgular: Hastalarin alveolo-arteriyel oksijen gradyani karsilastiriidiginda nazal kantl ile oksijen alan
hastalarin alveolo-arteriyel oksijen gradyani, ytksek akisl nazal kandil, non-invaziv ve invaziv mekanik
ventilasyon destegi alan hastalara gore anlamli olarak daha dusuktd. Diger gruplar kendi arasinda
karsilastirildiginda yUksek akisli nazal kanil, non-invaziv ve invaziv mekanik ventilasyon destegi
alan hastalarin alveolo-arteriyel oksijen gradyanlari arasinda anlamli fark izlienmedi. Entlibe olarak
kabul edilen hastalarin mortalitesinin diger gruplara gore anlamli olarak daha yUksek oldugu izlendi.
Sonug: Agir COVID-19 hastalarinin kabul sirasinda ve 3 haftalik takipte invaziv ve non-invaziv
oksijen desteginin benzer alveolo-arteriyel oksijen gradyanlari ile sonuclandigini ancak entlibe olan
hastalarin mortalitelerinin daha ylksek oldugu izlendi.

Anahtar Kelimeler: COVID-19, nazal kantil, oksijen tedavisi, alveolo-arteriyel oksijen gradyani,
mekanik ventilasyon

ABSTRACT Objective: Severe pneumonia is an important cause of mortality in coronavirus
disease-2019 (COVID-19) infection. This study evaluated pulmonary gas exchange and mortality
according to nasal cannula, high flow nasal cannula, non-invasive positive pressure ventilation and
invasive mechanical ventilation used for treating hypoxemic respiratory failure in severe COVID-19
patients.

Materials and Methods: Hundred and forty severe COVID-19 patients who were treated in
Department of Anesthesiology Intensive Care Unit of Pamukkale University Hospital were reviewed
retrospectively. Arterial blood gas results on the 15, 3¢, 7", 14" and 21 days of admission were
recorded.

Results: The alveolo-arterial oxygen gradient of the patients receiving oxygen via nasal cannula was
significantly lower than the patients receiving high-flow nasal cannula, non-invasive and invasive
mechanical ventilation. When the other groups were compared, no significant difference was
observed between the alveolo-arterial oxygen gradients of the patients who received high-flow
nasal cannula, non-invasive and invasive mechanical ventilation support. WWe observed that the
mortality of the patients who were admitted as intubated was significantly higher than the other
groups.

Conclusion: Invasive and non-invasive oxygen support resulted in similar alveolo-arterial oxygen
gradients in severe COVID-19 patients at admission and at 3-week follow-up, but mortality was
higher in intubated patients.

Keywords: COVID-19, nasal cannula, oxygen treatment, alveolo-arterial oxygen gradient,
mechanical ventilation


https://orcid.org/0000-0003-4776-4924
https://orcid.org/0000-0002-7555-6076
https://orcid.org/0000-0001-9401-7812
https://orcid.org/0000-0002-9453-5625

Sargin ve ark. COVID-19 Hastalarinda Solunum Destegi

191

Giris

Siddetli akut solunum sendromu koronaviriis-2 (SARS-
CoV-2) ilk olarak Aralik 2019'un sonlarinda tanimlanan ve
Ozellikle solunum sistemini etkileyen klresel bir pandeminin
nedenidir (1). Tum enfekte bireylerin yaklasik %20'sinde,
akut solunum sikintisi sendromu (ARDS) tanimiyla uyumilu
bircok klinik 6zellige sahip koronavirls hastalgi-2019
(COVID-19) pnémonisi gelisir. Spesifik olarak, radyolojisinde
bilateral akciger infiltratlari, PaO,/FiO, orani <300
mmHg ile karakterize oksijenasyon defekti ve 0li bosluk
ventilasyonunda artis izlenir (2). Dusuk alveolo-arteriyel O,
(A-a O,) gradyani diizeyleri ARDS hastalarinda bozulmus gaz
degisimi ve hipokseminin bir baska gostergesi olup 6zellikle
agir COVID-19 pnémonisi ile iliskilidir (3).

Disuk PaO,/FiO, oranina ragmen, ¢ogu hastanin
basvuru aninda akciger hacimleri korunmustur ve akciger
radyolojisinde esas olarak periferik dagilim ve minimal
parankimal konsolidasyon ile bilateral multifokal buzlu cam
gorintmu gortlmektedir (4). Diger nedenlere bagli ARDS'ye
gdre hipokseminin siddeti cok daha fazladir (5).

Her ne kadar tUm hastalar ortak bir etiyoloji ile ayni
hastaliga maruz kalmis olsa da hastane basvurusundaki klinik
prezentasyon ve oksijen destegine yaniti oldukca degiskendir
(6). YUksek akisl nazal kantl (YANK) ve non-invaziv pozitif
basincli ventilasyon (NIPBV) dahil olmak Uzere non-invaziv
solunum desteginin kullanimi oksijenasyonu destekleyebilir
ve invaziv mekanik ventilasyonu (IMV) geciktirerek iyilesme
icin zaman taniyabilir (7). Optimal modalitenin secimi, tedavi
basarisizigini tanimak ve gecikmis entlibasyonu onlemek
icin belirsizligini korumaktadir. Mekanik olarak ventile edilen
hastalarda hastalik seyri ve solunum dinamikleri ve gaz
degisimi Uzerindeki etkileri iyi tanimlanmistir (8). Ancak
COVID-19'a bagh solunum yetmezligi olan hastalarda
mekanik ventilasyona bagh 6lim orani %50-60 civarinda
olup, cogu zaman bircok komplikasyonla iliskilidir (9).

NIPBV'nin, hipoksemik solunum yetmezliginde, IMV
endikasyonu olan bir grup COVID-19 hastasinda basariyla
kullanilabildigi gosterilse de (10) literatlirde bu modalitelerin
karsilastirmali calismasi oldukga azdir.

Bu calismada, yogun bakim Unitemizde (YBU) takip
edilen agir COVID-19 hastalarinda aldiklari O, destegine
gére pulmoner gaz degisimininin bir géstergesi olan A-a O,
gradyani dlzeylerini ve mortalite iliskisini degerlendirmeyi
hedefledik.

Gereg ve Yontem

Pamukkale Universitesi Hastanesi Anesteziyoloji YBU'de
Eyltl 2020-Subat 2021 tarihleri arasinda tedavi goren 140 agir
COVID-19 hastasinin kayitlar retrospektif olarak incelendi.
Hastalarin demografik verileri kaydedildi. Nazal kanil ile O,
destegi alan, invaziv ventilasyon veya non-invaziv ventilasyon
destegdi alan hastalar calismaya dahil edildi. Bazi hastalarin
sonuglari hem entlbe olmadiklari donemde ve hem de
akabinde entlbe olduklari dénemlerde farkli zamanlarda
incelendi.

Bilgisayarli tomografide bilateral pulmoner infiltrasyon ve
SARS-CoV-2 icin pozitif orofaringeal strintiler ile COVID-
19 pndémonisi dogrulandi. Tedavi stratejisi; Glasgow koma
skoru, arteriyel oksijen basinci/inspiratuvar oksijen fraksiyonu
(PaO,/FiO,), dakika solunum sayisi ve dispne varligina gore
dlzenlendi.

istatistiksel Analiz

Veri analizi icin SPSS 22.0 (IBM, Armonk, NY, ABD)
kullanildi. Verilerin degerlendiriimesinde, tanimlayici
istatistiksel yontemler olarak sayi, ylzde, ortalama, standart
sapma, medyan ve minimum-maksimum degerler kullanildi.
Verilerin normal dagilim &zellikleri Kolmogorov-Smirnov ve
Shapiro-Wilk testleri ile sinandi. iki bagimsiz grup arasinda
niceliksel strekli verilerin karsilastirimasinda Mann-Whitney
U testi, ikiden fazla bagimsiz grup arasinda niceliksel strekli
verilerin karsilastiriimasinda Kruskal-Wallis testi kullanildi.
Kategorik verilerin karsilastiriimasinda ki-kare testi kullanildi.
TUm istatistiksel analizlerde anlamlilik diizeyi p<0,05 alindi.

Hastalarin demografik verileri, kabul sirasinda, takiplerinin
3, 7, 14 ve 21. gunlerde alinan arteriyel kan gazi sonuglari,
oksijen destegi kayitlar, Akut Fizyoloji ve Kronik Saglik
Degerlendirmesi Il (APACHE-II) skorlari, radyolojik bulgular
ve COVID-19 Raporlama ve Veri Sistemi skorlari incelenerek
kaydedildi.

Hastalarin A-a O, gradyani, [(FiO,x(Patm-PH,0))-
(PaC0,+0.8)]-Pa0, formdilu ile hesaplandi. Denizli ilinde
atmosferik basing (Patm) 730 mmHg, vicut sicakliginda su
buhari basinci (PH,0) 47 mmHg olarak kabul edildi.

Calisma icin, Pamukkale Universitesi Tip Fakiiltesi
Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu'ndan onay
alinmistir (no: E-60116787-020-14366, tarih: 02.02.2021).
Calisma protokoll, 1964 Helsinki Deklarasyonu'nun etik
kurallarina uygundur.
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Bulgular

Hastalarin ortalama vyasi 67,54+12,83 idi, %57,1'i
(80) erkek, %42,9'u (60) kadinlardan olusmaktaydi. Kadin
hastalarin 26'si (%43,3), erkek hastalarin 42'si (%52,5)
takipte eksitus oldugu izlendi. Hastalarin cinsiyete gore
mortaliteleri istatistiki olarak benzerdi (p=0,448). Yogun
bakim kabull sirasinda A-a O, gradient seviyeleri istatistiksel
anlamhlik sinirnda olmasa da erkeklerde daha yUksek
saptandi (kadinlarda 214,3+95,3; erkeklerde 267,8+125,1;
p=0,054) (Tablo 1).

Hastalar 65 yas sinir kabul edilerek iki gruba ayrildiginda,
94 hastanin 65 yas ve Ustlnde oldugu, 46 hastanin 65 yas
altinda oldugu izlendi. Bu iki grubun mortaliteleri istatistiki
olarak benzerdi (p=0,551). Altmis bes yas Ustlndeki ve
altindaki hasta gruplarinda YBU'ye kabul sirasinda bu iki
grup arasinda A-a O, gradyani istatistiki olarak benzerdi (<65
yas hasta grubunda 259,6+127,2 >65 yas hasta grubunda
237,6+110,3) (p=0,187) (Tablo 1).

Hastalarin YBU'ye kabulinde, 3. gin, 7. giin, ve 14.
glnlerde aldiklari O, destegine gére A-a O, karsilastinldiginda
nazal kandl ile O, alan hastalarin A-a O, gradyani, YANK, non-
invaziv ve IMV destegi alan hastalara gore sirasiyla anlamli
olarak daha dlsuktU (p<0,001, p<0,001, p<0,001, p<0,001)
(Tablo 2). 21. glinde NIPBV alan hasta olmasa da diger (c
grup solunum paternleri arasinda A-a O, gradyani agisindan
fark izlenmedi (p=0,170). Ancak 21. glinde takibi devam eden
hasta sayisinin 24 gibi az bir say1 olmasi bu degerlendirmenin
glvenilirligini etkilemektedir.

Hastalarin invaziv veya non-invaziv olarak oksijen destegi
almasi ile ilk ve ikinci A-a O, gradyan arasinda degisim farki
anlamli degildi (p=0,168).

Hastalarin YBU'ye kabulii sirasinda 62'sinin (%44,3) nazal
kandl ile 6'sinin (%4,3) YANK ile 30'unun (%21,4) NiPBV ile
42'sinin (%30) IMV ile solunum destegi aldigi géraldi. Bu
hastalardan nazal kandil ile solunum destegi alanlarin 16'sinin

(%25,8), YANK ile solunum destegi alanlarin 4'Gntn (%66,7),
NIPBV ile solunum destegi alanlarin 14'inin (%46,7), IMV
ile solunum destegi alanlarin 36'sinin (%85,7) takipte eksitus
oldugu gérildu. YBU kabulii sirasinda entiibe olan hastalarin
mortalitesinin diger gruplara gore anlamli olarak daha yUtksek
oldugu izlendi (p<0,001).

YBU'ye kabul sirasinda entlbe olarak alinan 42 hasta
disinda, takipte 20 hastanin daha entlibasyon ihtiyaci oldu.
EntUbe olarak kabul edilenlerle, takipte entlbe edilenlerin
mortaliteleri karsilastirldiginda istatistiki olarak fark izlenmedi
(p=0,209).

APACHE-II skoru ile YBU'ye kabul sirasindaki A-a O,
gradyani arasinda pozitif yonde korelasyon saptandi (p=0,013,
r=0,295). Hastalarin kabul sirasinda hesaplanan medyan
APACHE-II skoru 15'ti, APACHE-II skoru 15 ve altinda
olan 82 hastanin ortalama A-a O, gradyani 215,0+83,0;
APACHE-II skoru 15'in lzerinde olan 58 hastanin ortalama
A-a O, gradyani 287,1+141,3 olarak saptandi (p=0,006). Bu
iki grubun mortalite oranlarinda ise istatistiksel anlamli fark
saptanmadi (p=0,057) (Tablo 1).

Tartisma

COVID-19 ile YBU'ye kabul edilen hastalarda goriilen
baskin &zellik, genellikle standart O, tedavisinin (zerinde
ek solunum destegi gerektiren hipoksemik solunum
yetmezligidir. Calismamizda, YBU'ye alinan agir COVID-
19 hastalarinin, YBU’ye kabullinde ve 3, 7 ve 14. glinlerde
kan gazi sonuglarina gére nazal kanll ile O, destegi alan
hastalarin A-a O, gradyanini diger O, destegi yontemlerine
gore anlaml olarak daha distk bulduk. Bu sonug¢ bu
hasta grubunda ventilasyon/perflizyon dengesinin hentz
bozulmaya baslamamis olmasiyla aciklanabilir. YANK, NIPBV
ve IMV ile 0O, destegi alan hastalarin YBU'ye kabul sirasinda
ve 3 haftalik takipte A-a O, gradyani ile oksijenizasyonu

Tablo 1. Hastalarin klinik ve demografik 6zelliklerine gore alveolo-arteriyel oksijen gradyanlari ve mortalite oranlari
n YB kabulii sirasinda A-a O, gradyan p-dederi lr\]/l(c;/rgallte p-dederi
(s]
o Kadin 60 214,3195,3 26 (%43,3)

Cinsiyet 0,054 0,448
Erkek 80 267,8+125,1 42 (%52,5)
<65 46 259,6+127,2 20 (%43,5)

Yas 0,187 0,551
265 94 237,6£110,3 48 (%51,1)
<15 82 215,0483,0 32 (%39)

APACHE-II 0,006 0,057
>15 58 287,1+141,3 36 (%62,1)

APACHE-I: Akut Fizyoloji ve Kronik Saglik Degerlendirmesi Il, YB: Yogun bakim, A-a O, gradyan: alveolo-arteriyel oksijen Gradyan
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Tablo 2. Hastalarin YBU'ye kabuliinde, 3. giin, 7. giin, 14. ve 21. giinlerde aldiklari 0, destegine gore A-a O, karsilagtirmasi
Kan gazi giinii Solunum destedi Hasta sayisi (n) A-a O, gradyani (mmHg) p-dederi
Nazal kanal 62 167,51 (+22,55)
1.gun YANK 6 288,20 (+27,28) 0,00
NiPBV 30 251,72 (£94,01) p=5
I\ 42 348,03 (+135,63)
Nazal kanal 32 154,27 (+43,40)
) YANK 24 294,27 (+59,40)
3.gln - p=0,00
NIPBV 26 258,20 (+45,49)
iMV 48 345,61 (+109,91)
Nazal kanal 30 158,55 (+10,90)
YANK 18 319,68 (+71,92)
7.gln - p=0,00
NIPBV 20 251,42 (£50,76)
iMV 26 284,50 (+107,65)
Nazal kanal 24 151,30 (+13,60)
) YANK 6 251,10 (+35,07)
14.gln - p=0,00
NIPBV 10 268,48 (+29,84)
iMV 16 305,93 (+121,00)
Nazal kanal 10 144,45 (x12,01)
. YANK 4 272,02 (£38,92)
21.gdn - p=0,170
NIPBV - -
iMV 10 268,13 (+151,72)
YANK: Yiiksek akisli nazal kaniil, NiPBV: non-invaziv pozitif basingli, IMV: invaziv mekanik ventilasyon, A-a O, gradyan: alveolo-arteriyel oksijen gradienti

degerlendirildiginde istatistiki fark saptayamadik. Bu sonug,
hastalarin invaziv ventilasyon desteg@i ve non-invaziv destek
almasinin doku oksijenizasyonu acisindan benzer sonuglara
yol actigini distndirmektedir.

Mekanik ventilasyona baglanan hastalarin diger O, destegi
alan hasta gruplarina gére anlamli olarak mortalitesinin
daha yiksek oldugunu izledik. Bu durum IMV'ye 6zgii
komplikasyonlarla (barotravma, ventilator iliskili pnémoni
vb.) iliskili olabilir (9,11). Mellado-Artigas ve ark.'nin (12),
baslangicta YANK ile tedavi edilen hastalara karsi, hastaneye
yatislarinin 1. gunlnde invaziv ventilasyon uygulanan
hastalari karsilastirdigi calismada, YANK kullaniminin
mortalitede fark olmaksizin YBU'de kalis sUresinde azalma
ile iliskilendirilmistir. Ancak Vaschetto ve ark. (13) CPAP
sonras! entlbasyondaki gecikmenin artmis mortalite riski ile
iliskili oldugunu bildirmistir.

Calismamizda YBU'ye kabul sirasinda entiibe olarak
alinanlarla takipte entlbe edilen hastalarin mortalitesini
benzer olarak saptadik. Bu konuda literatlrde farkli gortslere
rastlanmistir. Dupuis ve ark. (14) erken entlbasyonun
mortaliteyi artirdigini saptamasina karsin, Daniel ve ark.

(15), non-invaziv ventilasyon periyodundan sonra entibe
edilenlerle entlibe olarak kabul edilen grup arasinda mortalite
acisindan hicbir fark bulamadilar; bununla birlikte, non-invaziv
ventilasyona devam edebilenlerde mortalite dnemli dlclide
daha dUsuktU.

Calismamizda, standart nazal kanil ile O, tedavisi alan
hastalarin mortalitesinin diger solunum destek tedavilerine
gére en disUk oldugunu izledik. Literatirde ise standart O,
tedavisine kiyasla non-invaziv oksijenasyon stratejileri ile
tedavi, daha dislk 6lum riski ile iliskilendirilmistir (16,17).
Recovery-RS randomize kontrollli calismasinda, 30 glnlik
entlbasyon ihtiyaci veya mortalite sonucu agisindan
NIPBV'nin Ustin oldugu ancak YANK'nin konvansiyonel O,
tedavisine gore hicbir fayda saglamadigi gosterilmistir (18).
Bizim calismamizda hastalarin YBU'ye kabulii sirasindaki
APACHE-II skoru ile A-a O, gradyani arasindaki pozitif
yonde korelasyon nazal kanll ile O, destegi alan hastalarin
mortalitesinin daha distk olmasinin nedeninin doku
oksijenizasyonunun Otesinde mortaliteyi etkileyen diger
faktorlerin oldugunu distndirmektedir.
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Biz calismamizda COVID-19 hastalarinin aldig O,
destegine gére A-a O, gradyanlarini karsilastirdik ancak
COVID-19 pnémonisinde NIPBV kullaniminin etkinligini
arastiran prospektif multisentrik bir calismada HACOR (kalp
hiz, asidoz, biling, oksijenasyon ve solunum hizi) skorunun,
A-a O, gradyana gdre daha duyarli bir prediktdr oldugu
gosterilmistir (19).

Literatlirde erkek hastalarda ve ileri yastaki COVID-
19 hastalarinda mortalite daha ytksek bulunmustur (20).
Calismamizda ise mortalite Uzerinde yas ve cinsiyet etkisini
gbsteremedik. Yas gruplarinda A-a O, gradyaninda farklilik
gosterilemedi, cinsiyetler arasinda degerlendirildiginde ise
istatistiksel olarak anlamlilik sinirina yakin dtizeyde erkeklerde
daha yuksek saptandi. Bu sonucglar hasta sayimizin az
olmasiyla aciklanabilir.

Prone pozisyon uygulamasi ARDS hastalarinda pulmoner
gaz degisimini etkiledigi gosterilmis (21) bir ydontem olmakla
birlikte calismamizda degerlendirilen kan gazi analizleri
sirasinda prone pozisyon uygulamasi yapilan hasta yoktu. Bu,
gruplar arasindaki gaz degisimi sonuclarini etkileyecek ek bir
dis faktérden kacinmayi saglamistir.

Calismanin kisitliliklari: Calismanin retrospektif olmasi,
hasta sayisinin azhigi ve ozellikle ilerleyen ginlerde hasta
sayisinin daha azalmasi, yogun bakim oOncesi sirecin
degerlendirilememesidir. Calismamizin diger kisithiliklari
hastalarin komorbiditeleri ve aldiklari medikal tedavilerin g6z
onunde bulundurulmamis olmasidir.

Sonug

Calismamizda agir COVID-19 hastalarinda 21. gin
Olclmleri disinda solunum destek ydontemleri arasinda A-a

Turk J Intensive Care 2023;21:190-5

O, gradyan farki saptansa da YBU'ye kabul ve 3. giin kan
gazl olguimlerinde invaziv ventilasyon destegi veya non-
invaziv destek almasinin benzer A-a O, gradyani degisimi
ile sonuclandigini (p=0,168) ve entlbe olan hastalarin
mortalitesinin diger gruplara gore anlamli olarak daha ytksek
oldugunu izledik (p<0,001). Invaziv ventilasyon destegi
oncesi diger destek tedavilerinin kullanilmasinin mortaliteyi
azaltilabilecegi sonucu cikarilabilir.
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Yogun Bakim Unitesi Disinda Yiiksek Akimli Oksijen
ve Non-invaziv Ventilasyon Uygulanan COVID-19
Pnomonili Hastalarin Ozellikleri

Characteristics of Patients with COVID-19 Pneumonia
Treated with High-flow Oxygen and Non-invasive
Ventilation Outside the Intensive Care Unit

6z Amag: Yogun bakim (initesi disi koronavir(s hastalig-2019 (COVID-19) servisinde yatan hastalara
uygulanan yiiksek akimli oksijen (HFO) ve non-invaziv ventilasyon (NIV) tedavi ydntemlerini
karsilastirmaktir.

Gerec ve Yontem: Kasim 2020 ve Haziran 2021 tarihleri arasinda devlet hastanesi yogun bakim
{nitesi disi COVID servisinde yatarak tedavi olan ylksek akimli oksijen (n=26), ve NIV (n=23)
uygulanan hastalarin demografik &ézellikleri, hastanede yatis ve uygulanma sureleri, akut faz
reaktanlari, ROX indeksleri, komorbid durumlari, radyolojik skorlari ve sonuglari retrospektif olarak
degerlendirildi.

Bulgular: Calismaya 27'si erkek, 22'si kadin 49 hasta alindi. Yas ortalamasi 55,6+14,6 idi.
Komorbidite olarak en sik hipertansiyon (n=27), diyabet (n=15) saptandi. HFO grubundaki hastalar
16,6+9,4 glin hastanede yatarken, 6+4,6 giin HFO uygulandi. NIV grubundaki hastalar 9,4+6,4
glin yatarken, 5,8+4,2 giin NiV uygulandi. HFO uygulanan hastalarin satirasyonlari (84,1+4,6),
NIV uygulananlara (88,7+2) gore daha diisiik saptandi. Kirk dokuz hastadan %18,37'sinin eks
oldugu bunlardan 5'inin HFO tedavisi alan, 4'tiniin NIV tedavisi alanlardan oldugu saptandi. ROX
indeksi eks olan grupta (n=9) yasayanlara (n=40) gore anlamli olarak distk saptandi. Radyolojik
gériintilemede HFO ve NIV tedavisi uygulanan hastalarin pnémoni siddetleri agisindan anlamli fark
yoktu. Hastaneye yatis anindaki akut faz reaktanlarindan eks grupta laktat dehidrogenaz ve C-reaktif
protein belirgin olarak ylUksekti.

Sonug: Yogun bakim disi COVID servisinde HFO ya da NIV'nin mortalite agisindan farkli olmadigi
saptandi.

Anahtar Kelimeler: COVID-19, yiiksek akimli oksijen, non-invaziv ventilasyon

ABSTRACT Objective: Comparing high-flow oxygen (HFO) and non-invasive ventilation (NIV)
treatment methods applied to patients hospitalized in the coronavirus disease-2019 (COVID-19)
service outside the intensive care unit.

Materials and Methods: Demographic characteristics, duration of hospitalization and application
times, acute phase reactants, ROX index, comorbid conditions, radiological scores and results
were evaluated retrospectively in patients treated with HFO (n=26) and NIV (n=23) who were
hospitalized in the COVID service outside the intensive care unit of the state hospital between
November 2020 and June 2021.

Results: A total of 49 patients, 27 males and 22 females, were included in the study. The mean
age was 55.6+14.6 years. The most common comorbidities were hypertension (n=27), diabetes
(n=15). Patients in the HFO group were hospitalized for 16.6+9.4 days, HFO was applied for 6+4.6
days. Patients in the NIV group were hospitalized for 9.4+6.4 days, NIV was applied for 5.8+4.2
days. The saturation of the patients who were administered HFO (84.1+4.6) were found to be
lower than those who received NIV (88.7+2). It was determined that 18.37% of 49 patients e.g.
5 of whom were treated with HFO and 4 of them were those who received NIV treatment. The
ROX index was found to be significantly lower in the death group (n=9) compared to the survivors
(n=40). In radiological imaging, there was no significant difference in the severity of pneumonia in
patients treated with HFO and NIV. Lactate dehydrogenase and C-reactive protein from acute phase
reactants at the time of hospitalization were significantly higher in the group who ex.

Conclusion: It was determined that HFO or NIV was not different in terms of mortality in thr non-
intensive care COVID service.

Keywords: COVID-19, high-flow oxygen, non-invasive ventilation
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Giris

Dlnyada ilk olarak Aralik 2019'da gdzlenen ve pandemiye
neden olan koronaviriis hastalig-2019 (COVID-19) hastalig
en sik solunum sistemini etkilemektedir. Solunum
yetmezligi semptomlari hafif, orta ve agir olmak Uzere
degisken dizeylerde gozlenen en 6nemli klinik belirtilerdir
ve mortalitenin ana nedenini olusturur. Solunum yetmezligi
gozlenen hastalarda, solunum desteginin strdirtlmesi ana
yonetim hedefi olarak yer alir. Solunum destegi oksijen
tedavisi, ylksek akimli oksijen (HFO) tedavisi, non-invaziv
ventilasyon (NIV) ve invaziv mekanik ventilasyon (IMV) olarak
uygulanabilir (1).

Pandeminin basinda, hastaligin yayilma hizi, onunla iliskili
morbidite ve mortalite, kanita dayall yonetim kilavuzlarinin
yetersizligi nedeni ile hastanelerin en blyUk endiselerinden
birisi de enfeksiyonun saglik calisanlari arasinda yayilmasi
idi. VirUs esas olarak solunum damlaciklari ve aerosol haline
getirilmis partiklller tarafindan yayildigindan, bircok saglk
kurulusunda artan oksijen gereksinimleri olan hastalar
aerosol olusturan proseddrlere maruz kalmamak icin acilen
entlbe edildi ve mekanik olarak ventile edildi. Deneyimle,
doktorlar invaziv olarak ventile edilen hastalarin mortalitesinin
yuksek oldugunu ve bu hastalarin cogunu ekstiibe etmenin
kolay olmadigini fark ettiler. Pandeminin basinda aerosol
treten prosedirlerden (NIV ve HFO) mimkiin oldugunca
kaginilmasi veya negatif basin¢li odalarda uygulanmasi
gerektigi vurgulanmis olmasina ragmen, tim dinyada
oldugu gibi Ulkemizde de pandeminin ¢ok yogun oldugu
doénemlerde bu yontemler hasta servislerinde uygulanmak
zorunda kalmistir (2).

Akut hipoksemik solunum yetmezliginde HFO ve
NIV tedavisinin yogun bakim Unitesinde entiibasyon
gereksinimini ve mortalite oranlarini azalttigi gosterilmistir
(3,4). HFO tedavisi yiksek akim ve konsantrasyonlarda
Isitma ve nemlendirme ile oksijen uygulayarak anatomik 6lu
boslukta azalmanin yani sira, strekli bir ekspiratuvar pozitif
havayolu basinci saglayarak hasta konforunda artis, solunum
is yUukinde azalma ve oksijenizasyonda artis saglar (3,5).

NIV uygulamasi kronik hiperkapnik havayolu hastaliklari
ve uyku apne sendromu yodnetiminde yer alan yontemler
arasindadir. GUnUmuzde, COVID-19'da akut solunum
yetmezligini azaltmadaki basarisi nedeniyle akut hipoksemik
solunum yetmezligi tedavisinde yaygin olarak kullaniimaktadir
(6,7).

Pandeminin baslangic donemindeki yaklasimlarin aksine
son dénemlerde Diinya Saglik Orgiitt (DSO), acil entlibasyon
gerektirmeyen akut hipoksemik solunum yetmezligi olan ciddi

veya kritik COVID-19'lu hastalarin standart oksijen tedavisi
yerine HFO, CPAP veya NIV (BiPAP) ile tedavi edilmesini
onermektedir (8).

Calismamizda pandeminin yogun oldugu dénemde
COVID-19 pnémonisi nedeni ile akut solunum yetmezligi
gelisen ve yogun bakimda yer olmadigindan yogun
bakim Unitesi disindaki COVID servisinde HFO ve NIV
tedavisi uygulanan hastalarin 6zelliklerinin karsilastiriimasi
amaclanmistir.

Gerec ve Yontem

Calisma tek merkezli olarak, Kasim 2020-Haziran 2021
tarihleri arasinda Dortyol Devlet Hastanesi yogun bakim
unitesi disi COVID servisinde vyatarak tedavi olan 485
hastadan, HFO (n=26), ve NIV (n=23) uygulanan hastalarda
yapildi.

Hastalarin demografik ozellikleri, yandas hastaliklari,
hastanedeki yatis sireleri ile non-invaziv ve HFO tedavi
uygulanma sureleri, ROX indeksleri, radyolojik skorlari ve yatis
anindaki akut faz reaktanlari [hemogram, C-reaktif protein
(CRP), ferritin, D-dimer] retrospektif olarak degerlendirildi.

Hastalarin radyolojik skorlamasi, yiksek rezollsyonlu
toraks tomografisinde (General Electric HiSpeed Dual
Scanner, Rosslyn, US) gorintilerin aksiyal, koronal ve sagittal
dlzlemde incelenmesinden sonra yapildi. Akciger buzlu
cam opasite alanlarinin lober (sag akciger 3, sol akciger 2
lob) yerlesiminin radyolojik degerlendiriimesi 0 ile 5 (toplam
25) arasinda gorsel olarak skorlandi (Lober tutulum: O;
yok, 1; £%5, 2; %5-25, 3; %26-49, 4, %50-75; 5; >%75).
Tomografideki tutulumun ciddiyeti hafif (<8), orta (9-15) ve
agir (>15) olarak belirtildi (9).

TUm hastalara medikal tedavi olarak Saglik Bakanlgi'nin
2020 COVID-19 tedavi rehberinde (10) yer alan favipiravir
2x1600 mgr yukleme, 2x600 mg idame 5 gunlik tedavisi
ile birlikte, 1-2 mg/kg/gin metilprednizolon, distk molekul
agirlikli heparin (enoksaparin), non-spesifik (levofloksasin
grubu) antibiyotik ve destek tedavisi (hidrasyon, parasetamol,
C vitamini, D vitamini) basland.

Geleneksel disik akimli oksijen (10 L dk') tedavisine
ragmen, hemodinamik olarak stabil, bilinci acik, oryante,
koopere ve dakika solunum sayisi >30, parmak ucu satlrasyon
(5p0,) <%93 olan hastalara cihazlarin uygunluk durumuna
gore serviste kardiyak (elektrokardiyografi, tansiyon) ve
solunum (dakika solunum sayisi ve SpO,) monitérizasyonu
yapilarak HFO veya NIV uygulandi.

NIV tam yiiz maskesi ile baslangic basinclari inspiratuvar
pozitif havayolu basinci (IPAP) 12, ekspiratuvar pozitif
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havayolu basinci (EPAP) 5 cm-H,O olarak ayarlandi. Hastalarin
SpO, 293 olacak sekilde IPAP ve/veya EPAP basinglarinda 2
cm-H,0 artiglar yapilarak basinglar titre edildi.

HFO tedavisi icin baslangig, 31 °C sicaklkta, 40 L dk
akim ile SpO, =93 olacak sekilde FiO, ayarlanarak baslandi.
%100 FiO,'ye ragmen SpO, 293 olmayan hastalarda akim
kademeli olarak 60 L dk'ye kadar c¢ikildi.

Medikal ve HFO veya NIV tedavisine ragmen
hemodinamisi bozulan, bilici kapanan, solunum/kardiyak
arrest gelisen hastalarda HFO ve NIV tedavisi sonlandirildi
ve IMV ile solunum destegi sagland..

HFO ve NIV uygulanan hastalarin 12 saat sonraki ROX
indeksleri yatak basi (SpO,/FiO,)/solunum sayisi formdll ile
hesaplandi (11).

Calisma icin Hatay Mustafa Kemal Universitesi Girisimsel
Olmayan Klinik Arastirmalar Etik Kurulu'ndan onay alindi
(karar no: 34, tarih: 14.04.2022).

istatistiksel Analiz

[statiksel degerlendirme icin SPSS 23.0 (SPSS Inc.,
Chicago, IL, ABD) programi kullanildi. Elde edilen veriler
degerlendirilmesinde, normal dagilimli degiskenler icin
ortalama + standart sapma, kategorik degiskenler icin ki-
kare testi ve parametrik veriler icin bagimsiz érneklem t-testi
uygulandi. P<0,05 degerleri istatistiksel olarak anlamli kabul
edildi.

Bulgular

Calismaya 49 hasta alindi (HFO: 26, NIV: 23). Hastalarin
27'si erkek, 22'si kadindi. Yas ortalamasi 55,6+14,6 (kadin:
52,2+13,3, erkek: 59,7+15,3), (HFO: 48,4+11,5, NIV:
63,7+13,6) idi. Otuz dort hastada komorbidite saptandi. En
sik hipertansiyon (n=27, %55,1), diyabet (n=15, %30,6),
astim (n=9, %18,4) ve kalp yetmezligi (n=8, %16,3)
saptandi. HFO grubundaki hastalar 16,6+9,4 glin hastanede
yatarken, 6+4,6 gin HFO uygulandi. NIV grubundaki
hastalar 9,4+6,4 giin yatarken, 5,8+4,2 giin NiV uygulandi
(p<0,05). HFO uygulanan hastalarin baslangic satlirasyonlari
(Sp0O,: 84,1+4,6), NIV uygulananlara (SpO,: 88,7+2) gore
daha disik saptandi (p<0,05). NIV ve HFO uygulanan
hastalarin 12 saat sonraki degerlerinden ROX indeksleri
hesaplandiginda NIV uygulanan grupta 3,77+0,2 iken, HFO
uygulanan grupta 3,67+0,3 idi. Kirk dokuz hastadan HFO
tedavisi alan 5 hastanin, NIV tedavisi alanlardan da 4 hastanin
entlibe oldugu ve olimle sonuclandigl saptandi. On iki saat
sonraki ROX indeksi dlen grupta (n=9) (6lim: 3,1+0,24,
yasayan: 3,86+0,08) yasayanlara (n=40) gore anlamli olarak
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dasuk saptandi (p<0,05). HFO tedavisi uygulanan hastalarin
radyolojik olarak 4'G agir, 15'i orta, 7'si hafif pndmoniye
sahipken, NIV tedavisi uygulanan hastalarda 4't agir, 9'u orta,
10'u hafif pnémoniye sahipti (Tablo 1).

HFO ve NIV tedavisi uygulanan hastalarin akut faz
reaktanlari (hemogram, CRPR ferritin, D-dimer) tabloda
gbsterilmistir (Tablo 2). Hastaneye yatis anindaki akut faz
reaktanlarindan eks olan grupta laktat dehidrogenaz (LDH)
(eks: 541+251,3, yasayan: 391,3+147,5) ve CRP (eks:
132,1+£129,6, yasayan: 106,2+67) belirgin olarak yuksekti
(p<0,05).

Tartisma

Mart 2020'de DSO tarafindan pandemi olarak ilan edilen
COVID-19 hastaligl tim diinyada akut solunum yetmezIigi
nedeniyle cok fazla kayiplarin yasanmasina neden olmustur.
Antiviral tedavinin yetersiz kaldig bu hastalikta akut solunum
yetmezligine yonelik tedavi yontemlerinin hastaligin erken
doéneminde etkin ve dogru kullanilmasi halen hayati dnem
arz etmektedir.

Bizim calismamizda, yogun bakim Unitesi disinda COVID-
19 servisinde takip edilen radyolojik olarak hastalik siddeti
acisindan farklari olmayan ancak hastaneye kabullinde oksijen
satlrasyon duzeyi daha dustk olan HFO tedavisi uygulanan
hastalarla, oksijen satiirasyon dlzeyi diger gruba gére daha
yUksek olan NIV uygulanan hastalar arasinda yasam oranlari
acisindan anlamli fark olmadigini, ancak HFO tedavisinde
hastanedeki yatis slresinin uzadigini saptadik.

COVID-19'un siddeti ve prognozu ile ilgili epidemiyolojik
komorbidite faktorlerinin arastirildigi 258 c¢alismanin
(n=369.036) meta-analizinde komorbidite olarak en sik
hipertansiyon, diyabet, kronik kalp hastaliklari, kronik
akciger hastaliklari, maligniteler, kronik karaciger ve bobrek
hastaliklar saptanmistir. Mortalite ile iliskili olarak da en sik
ileri yas, erkek cinsiyet, hipertansiyon ve diyabet bulunmustur
(12). Biz de 34 hastada komorbidite saptadik. Calismamizda
literatirle uyumlu olarak, hipertansiyon (n=27, %55,1),
diyabet (n=15, %30,6), astim (n=9, %18,4), kalp yetmezligi
(n=8, %16,3), obezite (n=4, %8,1), kronik obstriktif akciger
hastaligi (n=3, %6), romatoid artrit (RA) (n=2, %4) gibi
hastaliklar ylksek olarak saptandi. Eks olan hastalarda da
(n=9) komorbidite olarak hipertansiyon (n=5), diyabet (n=5),
astim (n=3), obezite (n=2), RA (n=2) mevcuttu.

HFO ve NIV tedavisi alan hastalarin degerlendirildigi 19
calismanin meta-analizinde, 8 calismada hastanede yatis
strelerinin de degerlendirildigi ve yatis sUresi agisindan iki
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Tablo 1. Hastalarin demografik 6zellikleri

HFO Niv p-degeri
Yas (Ortalama % SS) 48,4+11,5 63,7+13,6 0,001
Cinsiyet (n, %)
Erkek 17 10
Kadin 9 13 013
Komorbidite (n, %)
Hipertansiyon 10(37) 17 (63)
Diyabet 7(46,7) 8(53,3)
Astim 3(33,3) 6(66,7)
Kalp yetmezligi 1(12,5) 7 (87,5)
Obezite 3(75) 1(25)
KOAH 1(33,3) 2(66,7)
RA 1(50) 1(50)
Hastane yatis (giin) 16,619,4 9,4+6,4 0,03
Uygulama siiresi (giin) 64,6 5,8+4,2 >0,05
Satiirasyon, % 84,1+4,6 88,712 0,001
Radyolojik siddeti (n, %)
Hafif 7(26,9) 10 (43,5)
Orta 15(57,7) 9(39,1)
Agir 4(15,4) 4(17,4)
Yasayan (n, %) 21(80,8) 19 (82,6)
Eks (n, %) 5(19,2) 4(17,4)
ROX indeks
Yasayan, 3,86+0,08
Eks, 3.140,24 3,67+0,3 3,77%0,2 <0,05

HFO: Yiiksek akimli nazal oksijen tedavisi, NiV: non-invaziv mekanik ventilasyon, KOAH: kronik obstriiktif akciger hastaligl, RA: romatoid artrit, SS: standart sapma

Tablo 2. HFO/NiV tedavisi alan ve yasayan/olen hastalarin baslangig laboratuvar bulgularinin karsilastirmasi

HFO Niv . Yasam Olim .
(n=26) (n=23) p-degeri (n=40) (n=9) p-degeri
Beyaz kire 9,9t4,3 10,4+4,3 12,5456 9,6+3,8
NGtrofil 8,8£3,6 8,84 11,1£4,9 8,33,5
NGtrofil % 87,95 84182 85,547,1 88,715,6
Lenfosit 0,6540,36 0,91£0,61 0,7840,52 0,73+0,51 >0,05
Lenfosit % 7,244 11,7£10,6 >0,05 10£8,6 6,33,8
Ferritin 744144778 561,9+365,6 648,5£450,6 703,24372,9
D-dimer 1,16£1,96 1,53+1,72 1,442 0,9840,55
CRP 104,6£73,6 118,2489,6 106,2£67 132,1£129,6 <0,05
LDH 477,4+£179,8 352,5+153,6 391,3+147,5 541+251,3 <0,05

HFO: Yiiksek akimli nazal oksijen tedavisi, NiV: non-invaziv mekanik ventilasyon, CRP: C-reaktif protein, LDH: laktat dehidrogenaz
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grup arasinda anlamli fark saptanmadigi gézlendi (13). Biz
bu calismalardan farkli olarak HFO grubundaki hastalarin
NIV grubundakilere gére daha uzun sire hastanede yattigini
saptadik (HFO: 16,6+9,4 giin, NiV: 9,4+6,4 giin). Radyolojik
olarak hastalik siddeti agisindan gruplar arasinda fark olmasa
da HFO uygulanan gruptaki hastalarin baslangic oksijen
satlrasyonlarinin dustk olmasi bunu aciklamaktadir.

Akut hipoksemik solunum yetmezligi nedeni ile yogun
bakim ve yogun bakim disinda uygulanan HFO ve NIV'nin
degerlendirildigi 23 calismanin meta-analizinde 4 calismada
uygulama surelerinin degerlendirildigini gozledik (14). Duan
ve ark.'nin (15) 36 hastada (HFO/NIV 23/12) yogun bakimda
yaptigl calismada HFO 5,3 giin, NIV 4,6 giin, Alharthy ve
ark."min (16) 30 hastada (HFO/NIV 15/16) yaptigi calismada
HFO 3,3 giin, NiV 4,1 giin saptanirken, yogun bakim disinda
Perkins ve ark.'nin (17) 797 hastada yaptigi (HFO/NIV
417/380) calismada HFO 4,1 gun, NIV 4,6 gin, Sykes ve
ark.'nin (18) yaptigi 140 hastanin degerlendirildigi calismada
da (HFO/NIV 48/92) HFO 9,8 giin, NiV 17,4 giin olarak
saptandi. Calismamizda HFO tedavisi alanlarda tedavi stresi
6,00+4,66 glin, NIV uygulananlarda ise 5,87+-4,28 gin idi.
Uygulama suresi agisindan diger calismalarda oldugu gibi
bizim calismamizda da iki grup arasinda fark yoktu.

ROX indeksi Roca ve ark. (11) tarafindan HFO ile tedavi
edilen akut solunum yetmezligi olan pnémoni hastalarinda
entlbasyon riski dlsUk ve ylUksek olan hastalar belirlemeye
yardimci olabilecek bir indeks olarak tanimlanmistir. COVID-
19 pnémonisinde birgcok calismada (yogun bakim/yogun
bakim disi) HFO uygulanan hastalarda da ROX indeksi
HFO'nun basarisi ile iliskilendiriimistir. Bin dokuz yiiz otuz
Uc hastayla yapilan dokuz calismanin meta-analizinde ROX
indeksinin HFO uygulanan hastalarda ylUksek entlibasyon
riskini zamaninda tespit ettigi saptanmistir (19). Yapilan
calismalarda ROX indeksinin daha cok HFO uygulanan
COVID-19 pnémonili hastalarda bakildigini gézlemledik. Biz
farkl olarak HFO ile birlikte NIV uygulanan hastalarin da
ROX degerlerine baktik. NIV veya HFO'nun 12. saatindeki
ROX indeksleri iki grup arasinda benzer iken, entiibe olan
hastalarda diger calismalarda oldugu gibi belirgin olarak
dusuktu.

HFO ve NIV uygulanan hastalarin mortalite acisindan
karsilastinldigr 23 calismanin degerlendirildigi bir meta-
analizde 20 calismada (n=5.196) mortalite orani bildirilmistir.
Calismalarda HFO tedavisi alan hastalarda NIV'ye gore
mortalitenin dUsuk oldugu gosterilmistir. Yapilan alt grup
analizlerinde mortalitenin NIV'nin helmet maskesi ile
uygulanan hasta grubunda HFO ile ayni oldugu, yiiz maskesi
ile uygulanan grupta ise anlaml olarak yuUksek oldugu
saptanmistir. Ancak, NIV helmet maskesi uygulanan hasta
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grubuna goére HFO grubunda mortalitede anlamli bir farklilik
gozlenmemistir (14). Biz calismamizda 49 hastamizin 9'unun
invaziv mekanik ventilatore baglandigini ve eks oldugunu
(%18,3), bunlardan 5'inin HFO tedavisi, 4'tnun NIV tedavisi
alanlardan oldugunu saptadik. Meta-analizden farkli olarak
6lim oranlari acisindan anlamli farklilik saptamadik. Bu dlen
hasta sayimizin az olmasi ya da her iki tedavinin de serviste
uygulanma basarilarinin ayni olabilecegini distndurehbilir.

Hasta sayimizin az olmasi ve verilerin retrospektif olarak
degerlendiriimesi c¢alismamizin kisithliklari arasindadir.
Literatiirde akut faz reaktanlarinin COVID-19 siddeti ve
mortalitesi ile ilgili pek cok calisma olmasina ragmen,
HFO ve NIV ile ilgili calismalarda akut faz reaktanlari
degerlendirilmemistir. Yapilan calismalarda basvuru aninda
alinmis kan tetkiklerinde kan lenfosit sayisi <800/uL veya
CRP >40 mg/L veya ferritin >500 ng/mL veya D-dimer >1000
ng/mL olmasi kotl prognostik olclt olarak degerlendirilmistir
(10). Biz de basvuru aninda alinan akut faz reaktanlarindan
eks olan grupta yasayanlara gore LDH ve CRP dlzeylerini
ylksek saptadik.

Sonug

COVID-19 pnémonili servis hastalarinda her iki ydntemin
basarisini kiyaslayan ¢ok az calisma mevcuttu. Calismamizda
yogun bakim disi COVID servisinde uyguladigimiz HFO ya
da NIV'nin mortalite agisindan farkli olmadigini saptadik.
Calismamizin her iki yontem arasindaki basariy kiyaslayan
daha buytk orneklemlerle desteklenmesi gerekmektedir.
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The Incidence and Risk Factors of Acute Kidney Injury
After Left Ventricular Assist Device Implantation

Sol Ventrikiil Destek Cihazi Sonrasi Akut Bobrek
Hasarinin Insidansi ve Risk Faktorleri

ABSTRACT Objective: Left ventricular assist device surgery (LVAD) associated acute kidney injury
(AKI) is a severe complication of cardiac surgery with 15-45% incidence. The study evaluated AKI
in the early postoperative period after LVAD surgery using the Kidney Disease: Improving Global
Outcomes (KDIGO) criteria and compare patients with and without AKI to determine the incidence,
risk factors, and clinical outcomes.

Miaterials and Methods: In this retrospective cohort study, the medical records of all patients aged
between 18 and 75 years who underwent LVAD implantation from January 2011 to December
2016 were reviewed. Patients were divided into two groups based on the development of AKI
to analyze demographic features and perioperative variables. AKI was defined according to the
KDIGO criteria.

Results: Out of 57 patients, 10 (18%) were female, and the cohort's mean age was 44.6+16.1
years. Thirty-six patients (63%) developed AKI following LVAD implantation. Logistic regression
analysis revealed the duration of cardiopulmonary bypass (CPB), mean arterial pressure, and
cumulative fluid balance on the first postoperative day as independent risk factors for AKI [odds
ratio (OR): 1.013, confidence interval (Cl) 95% 1.000-1.025, p=0.05; OR: 0.929, Cl 95% 0.873-
0.989, p=0.02; OR: 1.001, Cl 95% 1.000-1.001, p=0.04 respectively]. Hospital mortality (58%
vs. 24%, p=0.01) and 30-day mortality (39% vs. 5%, p=0.01) were significantly higher in patients
who had AKI.

Conclusion: Risk factors for the occurrence of AKl include a longer duration of CPB, lower mean
arterial pressures, and higher cumulative fluid balance on the first postoperative day. Therefore, AKI
is one of the most important causes of morbidity and mortality after LVAD.

Keywords: Acute kidney injury, intensive care, left ventricle assist device

6z Amac: Sol ventrikll destek cihazi cerrahisi (LVAD) ile iliskili akut bobrek hasari (ABH), %15-
45 insidans ile kalp cerrahisinin ciddi bir komplikasyonudur. Calisma, LVAD cerrahisi sonrasi erken
dénemde ABH'yi Bébrek Hastaligi: Kiiresel Sonuglarin lyilestiriimesi (KDIGO) kriterlerini kullanarak
degerlendirmeyi ve ABH olan ve olmayan hastalari insidans, risk faktorleri ve klinik sonuclari
belirlemek icin karsilastirmayr amacladi.

Gerec ve Yontem: Bu retrospektif kohort calismada, Ocak 2011 ile Aralik 2016 arasinda LVAD
implantasyonu uygulanan 18-75 yas arasindaki tim hastalarin tibbi kayitlari gézden gegirildi.
Hastalar, demografik 6zellikleri ve perioperatif degiskenleri analiz etmek icin ABH gelisimine gore
iki gruba ayrildi. ABH, KDIGO kriterlerine gore tanimlandi.

Bulgular: Elli yedi hastanin 10'u (%18) kadindi ve ortalama yas 44,6+16,1 yildi. Otuz alti hastada
(%63) LVAD implantasyonunu takiben ABH gelisti. Lojistik regresyon analizi, ABH icin bagimsiz risk
faktorleri olarak postoperatif birinci glinde kardiyopulmoner bypass slresi, ortalama kan basinci
ve kiimdlatif sivi dengesini ortaya koydu [olasilik orani (OR): 1.013, gliven araligi (GA) %95 1,000-
1,025, p=0,05; OR: 0,929, GA %95 %0,873-0,989, p=0,02; OR: 1,001, GA %95 1,000-1,001,
p=0,04]. ABH'li hastalarda hastane mortalitesi (%58'e karsl %24, p=0,01) ve 30 glnlik mortalite
(%39'a karsi %5, p=0,01) anlamli olarak daha yUksekti.

Sonug: Sonuclarimiz, LVAD cerrahisi sonrasi hastalarin %63'tnde ABH gelistigini gdstermektedir.
ABH olusumu icin risk faktorleri, uzun kardiyopulmoner bypass siresini, daha dustk ortalama kan
basinclarini ve postoperatif ilk gtin daha ylksek kimdlatif sivi dengesini icerir. Bu nedenle ABH,
LVAD'den sonra en 6nemli morbidite ve mortalite nedenlerindendir.

Anahtar Kelimeler: Akut bobrek hasari, yogun bakim, sol ventrikil destek cihazi
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Introduction

Left ventricular assist devices (LVAD) is used as a safe
treatment for end-stage heart failure patients. Acute kidney
injury (AKI) that can occur following LVAD surgeries is one
of the life-threatening complications. A wide range of AKI
incidence among patients undergoing LVAD has been
reported in previous studies (15-45%) (1). This study aimed
to determine the incidence and perioperative risk factors
for AKI and postoperative outcomes associated with AKI
following LVAD implantation in our cohort.

Materials and Methods

This study was approved by the Institutional Review Board
of the Baskent University (no: KA 17/75, date: 02.06.2017).
We retrospectively analyzed the records of patients who
underwent LVAD implantation between January 2011 to
December 2016. Interagency Registry for Mechanically
Assisted Circulatory Support (INTERMACS) classification is
a classification system that assists physicians in deciding
on mechanical assist devices or heart transplant treatment
for patients with advanced heart failure. This registry
system, which aims to support the choice of mechanical
assist devices in which patients, the regulations for the
devices developed, and the treatments for heart failure, has
determined 7 patient profiles that can classify advanced
heart failure patients more appropriately (2). LVAD is planned
with the INTERMACS system in our hospital.

Patients between 18-75 years of age were included in
the study. Patients with chronic renal failure, preoperative
acute renal failure and those requiring renal replacement
therapy (RRT) before surgery were excluded from the study.
Preexisting renal failure is defined as abnormalities of kidney
structure or function, present for >3 months, with implications
for health, and requires one of two criteria documented or
inferred for >3 months: either glomerular filtration rate (GFR)
<60 mL/min/1.73 m? or markers of kidney damage, including
albuminuria (3). AKI was determined according to Kidney
Disease: Improving Global Outcomes (KDIGO) 2012 criteria.
According to KDIGO criteria, AKl is defined as an increase
in serum creatinine by 0.3 mg/dL in 48 hours or an increase
of serum creatinine of 1.5 times or more versus baseline
or urine output within 0.5 mL/kg/h in the first 6 hours (4).
Incidence and stages of early postoperative AKI among the
included patients were evaluated. Patients were then divided

into two groups according to the presence of AKI to define
risk factors and clinical outcomes.

Anesthesia was induced with intravenous midazolam
0.02-0.05 mg/kg, fentanyl 500 ug, and rocuronium bromide
0.6-1 mg/kg. Desflurane was used for maintenance
anesthesia at a 4-6% concentration and 10 pg/kg/h
fentanyl. Routine monitoring included electrocardiography,
pulse oximetry, capnography, nasopharyngeal temperature,
invasive arterial blood pressure (radial pressure), and central
venous pressure via the subclavian or internal jugular vein.
Transesophageal echocardiography (TEE) was performed in
all cases. And a pulmonary artery catheter was placed in all
patients intraoperatively.

LVAD (HeartWare®, Medtronic, MN, USA) type was
continuous flow and implantations were performed through
a standard median sternotomy on the beating heart, utilizing
cardiopulmonary bypass (CPB) through aortic and right atrial
cannulation. The driveline was tunneled subcutaneously
before systemic heparinization and existed in the patients’
abdominal wall in the subcostal region. The velocity of
circulation (in rate/min) was optimized to ensure proper
cardiac output to the patients and to decompress the left
ventricle. We changed the device's velocity to left atrial
pressure at 15 to 20 mmHg and maintained central venous
pressure at 10 to 15 mmHg, with interventricular septum in
the midline position for TEE. Deairing was done under TEE
guidance. Weaning from CPB was accomplished by gradual
increases in assist device pump speed under TEE guidance.

After surgery, all patients were admitted to intensive
care unit (ICU) with vasoactive drug support and mechanical
ventilatory support [ST (Hamilton Medical, Switzerland)].
Transthoracic echocardiographic studies were done for
hemodynamic management and flow settings of LVADs
on the following postoperative days. Blood pressure in
the postoperative period was measured continuously with
invasive artery cannulation and the mean arterial pressure
(MAP) was followed. Weaning from vasoactive drug support
and mechanical ventilatory support was performed according
to hemodynamic and blood gas parameters. The same
surgical, anesthesia, and intensivist teams were assigned
during the perioperative period for all patients.

Statistical Analysis

SPPS 25 (IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0, Armonk, NY: IBM Corp.) statistical
package program is used for the analysis. Variables' mean,

Turk J Intensive Care 2023;21:202-11



204

Atar et al. Acute Kidney Injury After Ventricular Assist Device

standard deviation, percentage, and frequency values are
used. Variables are considered after accounting for normality
and homogeneity of variances (Shapiro-Wilk and Levene
test). For data analysis, the independent 2-group t-test
(Student’s t-test) is used to compare the two groups, and
Mann-Whitney U test is used when the prerequisites are not
met. Categorical data are analyzed by Fisher's Exact test and
chi-square test. In cases where the expected frequencies are
less than 20%, Monte Carlo Simulation Method is used to
include these frequencies in the analysis. For the significance
level of the tests, p<0.05 and p<0.01 are considered.

Results

Out of 57 patients, 10 (17.5%) were female, and the
mean age was 44.6+16.1 years. Dilated cardiomyopathy
was the main diagnosis for most cases [n=55 (96.5%)],
and destination therapy was the leading indication for LVAD
implantation. The demographic characteristics and main
diagnosis of the patients included in the study are shown
in Table 1.

The patients were divided into two groups based on
the development of postoperative AKI. Thirty-six patients
(63.2%) developed AKI following LVAD implantation. Out of
36 patients 13 (36.1%) had stage 1, 5 (13.9%) had stage 2,
18 (50%) had stage 3 AKI. The two groups were similar in
demographic characteristics, preoperative circulatory support
devices, intraoperative anesthetic and surgical management,
and postoperative LVAD flow rates. Redo cases included
in the study. There was no significant difference in terms
of redo cases in the 2 group comparisons. Preoperative
laboratory values, INTERMACS score and vital signs were
similar between the two groups (p>0.05) (Table 2, 3).

Intraoperative duration of CPB was longer in the patients
who developed AKI (p=0.04), (Table 4). Intraoperative and
postoperative lactate levels were higher in patients who
developed AKI during this period when compared to those
without AKI (p=0.03, and p=0.04, respectively), (Table 4, 5).
Postoperative mechanical ventilation times were longer in
the group with AKI when compared to those without AKI
(p=0.02), (Table 5).

Fluid balance (FB) was higher in the first two days in
patients who developed AKI in the postoperative period
compared to patients who did not develop AKI (p=0.04,
and p=0.03, respectively). Creatine levels were found to
be significantly higher only on the 2" day in patients who
developed AKI (p=0.01). Patients who developed AKI had
lower MAP (p=0.01), (Table 5). Patients who developed AKI
required more frequent RRT (p=0.01). Prolonged mechanical
ventilation (PMV) was defined as the inability to wean from
the ventilator for more than 24 hours after surgery and/
or a total duration on mechanical ventilation more than 24
hours following admission to ICU. The frequency of PMV
among patients with AKI was higher when compared to
those without AKI (p=0.01). Patients who developed AKI
had higher incidences of postoperative infection, and higher
frequency of norepinephrine (NE) usage on the postoperative
first day (p<0.01, p=0.02, respectively). Hospital mortality
(p=0.01) and 30-day mortality (p=0.01) were significantly
higher in patients who developed AKI (Table 6). Logistic
regression analysis revealed the duration of CPB, MAR and
cumulative FB on the postoperative first day as independent
risk factors for AKI [Odds ratio (OR): 1.013, confidence
interval (Cl) 95% 1.000-1.025, p=0.05; OR: 0.929, Cl 95%
0.873-0.989, p=0.02; OR: 1.001, Cl 95% 1.000-1.001,
p=0.04, respectively) (Table 7).

Table 1. Demographic characteristics and main diagnosis of the study population [median (minimum-maximum), mean % SD or n (%)]
n=57 (%)
Age (years) 44.6116.1
Female 10(17.5)
Diagnosis
Dilated cardiomyopathy 55 (96.5)
Restrictive cardiomyopathy 2(3.5)
Indications for LVAD
Destination 28 (49.1)
Bridge to transplantation 22 (38.6)
Bridge to recovery 7(12.3)
LVAD: Left ventricular assist device, SD: standard deviation
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Table 2. Comparison of two groups in terms of demographics and preoperative features [median (minimum-maximum), mean  SD or n (%)]

AKI (-) (n=21) AKI (+) (n=36) p-value

Age (vears) 44.7+16.5 44.5+16.0 0.97

Female (n, %) 1(5) 9 (25) 0.05

Body weight index (kg) 67.7£16.9 72.4+17.8 0.33

Height (cm) 169+12.9 167.3£10.5 0.71

Redo patients 8(38.1%) 19 (52.8%) 0.41

Ejection fraction (%) 17.7+4 22.4+13.2 0.06

TAPSE (mm) 14.8+4.3 13.8+34 0.34

Systolic pulmonary artery pressure (mmHg) 52.5£14.2 54.7+14.2 0.63

Urine output” (mL) 2056.4+1454.2 1519.3+1115.4 0.36

Requriment for renal replacement therapy 3(14.3%) 7 (19.4%)

Continuous renal replacement therapy 0 6
Intermittent hemodialysis 2 0 0.70
Slow continuous ultrafiltration 1 1

Use of bronchodilators (n, %) 0(0) 1(2.8) 0.46

INTERMACS score
1 3(14.3%) 7 (19.4%)

2 6 (28.6%) 9 (25%)
3 4(19%) 6 (16.7%) 09
4 8(38.1%) 14 (38.9%)

Comorbidities (n, %) 14 (66.7) 23(63.9) 0.83
Diabetes 8(38.1) 8(22.2) 0.20
Hypertension 6(28.6) 13 (36.1) 0.56
COPD 1(4.8) 4(11.1) 0.41
Coronary artery disease 3(14.3) 3(8.3) 0.48
History of cardiac arrest 1(4.8) 4(11.1) 0.44

Use of inotropic agent
Use of dobutamine (ug/kg/min) 11(52.4) 15 (41.6) 0.43
Use of dopamine (ug/kg/min) 4(19) 7(19.4) 0.97

Intraaortic balloon pump (n, %) 0(0) 1(2.8) 0.44

Extracorporeal membrane oxygenation (n, %) 3(14.3) 4(11.1) 0.73

INTERMACS: Interagency Registry for Mechanically Assisted Circulatory Support, AKI: acute kidney injury, COPD: chronic obstructive pulmonary disease, TAPSE: tricuspid

annular plane systolic excursion, SD: standard deviation
“The day before surgery
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Table 3. Comparison of two groups in terms of preoperative laboratory values and vital signs [median (minimum-maximum) mean + SD
orn (%)]

Preoperative laboratory values '(A;EZ(;)) 2:33(;)) p-value
Hemoglobin (g/dL) 12.2+2.5 11.9+2.1 0.64
White blood cells (1000/mm?) 9.844.6 9+2.7 0.44
AST (U/L) 25.8+15.4 29.7£16.9 0.45
ALT (U/L) 61.9+81.2 36.9+69.5 0.22
Total bilirubin (g/dL) 1.5£0.9 2.2+1.4 0.20
Direct bilirubin (g/dL) 0.7+0.6 0.610.3 0.90
BUN (mg/dL) 26+14.3 26.7+13.7 0.85
Creatinine (mg/dL) 1.1+0.8 1.1+0.4 0.70
Albumin (g/dL) 3.7+0.4 3.40.6 0.06
Sodium (mmol/L) 192.4+251.1 134.5+4.5 0.33
Potassium (mmol/L) 4.110.4 7.9+23 0.46
Magnesium (mg/dL) 2.240.3 2104 0.45
INR 1.310.3 1.4+0.3 0.61

AKI: Acute kidney injury, ALT: alanine aminotransferase, AST: aspartate aminotransferase, BUN: blood urea nitrogen, INR: international normalized ratio, SD: standard deviation

Table 4. Comparison of two groups in terms of intraoperative features [median (minimum-maximum) mean % SD or n (%)]

AKI (-) (n=21) AKI (+) (n=36) p-value

Duration of surgery (hrs) 5.8+1.4 612 0.72
Duration of CPB (min) 128.7+48.6 162.5+£58.2 0.04
Blood products

Packed red blood cells 21 (100%) 30(90.9%) 0.38
Fresh frozen plasma 18 (85.7%) 32 (88.9%) 0.10
Platelets 0 3(8.3%) 0.29
Urine output (mL) 669.5+433.7 699.7+634.6 0.85
Highest lactate level (mmol/L) 3.7+1.7 5.2+3.5 0.03
Lowest systolic blood pressure (mmHg) 77.9+13 74.6£14.1 0.39
Use of inotropic agents

Highest dose of dobutamine (ug/kg/min) 8.611.6 9.4+3.4 0.34
Highest dose of dopamine (ug/kg/min) 7.6%2 9+4.5 0.19
Highest dose of adrenaline (ug/kg/min) 0.3£0.2 0.611.1 0.13
Highest dose of norepinephrine (ug/kg/min) 0.1£0.1 0.1£0.3 0.77
Highest dose of milrinone (ug/kg/min) 0.7+0 1.1+1.5 0.51

AKI: Acute kidney injury, CPB: cardiopulmonary bypass, SD: standard deviation
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Table 5. Comparison of two groups in terms of postoperative features [median (minimum-maximum) mean * SD or n (%)]
AKI (-) (n=21) AKI (+) (n=36) p-value

LVAD flow rate (L/min) 4141 39+1.4 0.50
Ejection fraction (%) 22+7.5 23.1+11.6 0.81
TAPSE (mm) 11£2.9 11.3£3.1 0.82
Systolic pulmonary artery pressure (mmHg) 40171 45+8.3 0.45
Postoperative first day mean arterial pressure (mmHg) 62.846.9 54.9+13.1 0.01
Hemoglobin (g/dL) 10.2+1.2 10+1.4 0.51
Hematocrit (%) 32+6.7 30+4.3 0.17
White blood cells (1000/mm?3) 1343 1547 0.14
Platelets (1000/mm?3) 7993.3£35974.8 133.8+51.8 0.33
AST (U/L) 53.4£16.7 121.1£123.6 0.05
ALT (U/L) 29.2+21.8 53.4+87.7 0.12
BUN (mg/dL) 24.2+11.3 30.7£12.6 0.06
Creatine (mg/dL) 1.141 1.740.6 0.01
Total bilirubin (g/dL) 2.3%2 2.3+1.7 0.91
Direct bilirubin (g/dL) 0.5+0.3 1.7£1.6 0.03
Albumin (g/dL) 3.3+0.4 3.1+04 0.06
INR 1.4+0.3 1.5£0.5 0.18
Sodium (mmol/L) 138.8+3.7 138.4+4.4 0.73
Potassium (mmol/L) 41+0.6 4.110.6 0.76
Magnesium (mg/dL) 7.9+23.5 2.5+0.5 0.35
Highest lactate level (mmol/L) 4.5+2.1 6.314.3 0.04
Duration of mechanical ventilation (hrs) 32.3+28.3 87.4+134.9 0.02
Fluid balance

POD1 (mL) 1240.8+1160.4 2316.742109.9 0.04

POD2 (mL) 541.9+897 1457.8+1934.2 0.03

POD3 (mL) -162.741393 -121.3£1627.9 0.93
AKI: Acute kidney injury, LVAD: left ventricular assist device, ALT: alanine aminotransferase, AST: aspartate aminotransferase, BUN: blood urea nitrogen, INR: international
normalized ratio, POD: postoperative day, TAPSE: tricuspid annular plane systolic excursion, SD: standard deviation

Discussion

In this retrospective review of 57 LVAD implanted
patients, the incidence of AKI was 63%. Out of 36 patients
with AKI, 22.8% had mild, 8.7% had moderate, 31.5% had
severe AKI. Almost 1/4 of patients (26%) with severe AKI
required RRT. Postoperative hypotension and NE usage was
significantly higher in patients with AKI when compared
to patients without AKI. Longer CPB time, lower MAP and
higher cumulative FB on the first postoperative day were
determined as risk factors for AKI development among LVAD
implanted patients. Besides, AKI after LVAD implantation

was associated with an increased incidence of PMV, hospital
mortality and 30-day mortality.

It has been reported that AKI incidence is as high as
70% after LVAD surgery, there are also publications reporting
lower incidences like 28% (5). The incidence of AKI after
LVAD surgery was 63% in our cohort, similar to the study
by Muslem et al. (5), who reported AKI incidence as 70%
after LVAD surgery. In our study, we defined AKI according
to the KDIGO criteria. We calculated the incidence by
evaluating stages 1 to 3 and including them in the results. In
their study where Harmon et al. (6) reported AKI incidence
as 28% after LVAD surgery, they obtained this incidence by
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Table 6. Comparison of groups in terms of postoperative follow-up and outcomes [median (minimum-maximum) mean % SD or n (%)]
AKI (-) (n=21) AKI (+) (n=36) p-value
Requriment for renal replacement therapy 2 (10%) 15 (41.7%)
Continuous renal replacement therapy 0 14 0.01
Intermittant hemodialysis 2 1
Prolonged mechanical ventilation (day) 5(23.8%) 21(58.3%) 0.01
Need for ECMO 2 (9.5%) 8(22.2%) 0.22
Revision surgery 3(14.3%) 12 (33.3%) 0.16
Infections 6 (28.6%) 21(58.3%) 0.03
Catheter-related blood circulation Infection 2 (9.5%) 9 (25%) 0.50
Wound occupied infection 2 (9.5%) 4(11.1%) 0.70
Pnomonia 1(4.8%) 4(11.1%) 0.67
Urinary tract infection 1(4.8%) 4(11.1%) 0.64
Cardiac arrest 1(4.8%) 13 (36.1%) 0.01
Use of inotropic agent
Norepinephrine 3(14.3%) 16 (44.4%) 0.02
Dobutamine 20 (95.2%) 33(91.7%) 0.61
Adrenaline 17 (81%) 31(86.1%) 0.61
Dopamine 17 (81%) 22 (61.1%) 0.12
Length of ICU stay (days) 16.6£12.7 24.1423.6 0.12
Length of hospital stay (days) 34.1£17.4 44.4136.9 0.16
30 day mortality 1(4.8%) 14 (38.9%) 0.01
Hospital mortality 5(23.8%) 21(58.3%) 0.01
AKI: Acute kidney injury, ECMO: extracorporeal membrane oxygenation, ICU: intensive care unit, RRT: renal replacement therapy, SD: standard deviation
Table 7. Results of logistic regression analysis to Find risk Factors associated with postoperative acute kidney injury
Odds ratio 95% Cl p-value
Duration of CPB (min) 1.013 1.000-1.025 0.05
Postoperative first day mean arterial pressure (mmHg) 0.929 0.873-0.989 0.02
Cumulative fluid balance (L) 1.001 1.000-1.001 0.04
ClI: Confidence interval, CPB: cardiopulmonary bypass

including moderate and severe AKI. However, they did not
include mild/stage 1 AKI (6). Consistent with the publications
reporting that the incidence of RRT after LVAD surgery is
between 10-35%, we also found the incidence of RRT to be
26% in our study (5).

Our study found that the duration of CPB is a risk factor
for AKI development. It has been reported in many studies
that the prolongation of the CPB time during cardiac surgery
is a risk factor for the development of renal failure (7). For

Turk J Intensive Care 2023;21:202-11

similar reasons, prolonged CPB after LVAD surgery is a risk
factor for AKI development (5).

We observed in our study that lactate concentrations
increased significantly during and after LVAD surgery
and were substantially higher in patients with LVAD-AKI.
Significant elevations in serum lactate may originate from
renal tissues under circumstances of hypoperfusion during
cardiac revascularization procedures (8). Previous studies
have examined postoperative serum lactate levels and have
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shown a correlation between these levels and patients with
cardiac surgery-associated AKI (8). P6lonen et al. (9) showed
that normalizing lactate concentrations as a therapeutic goal
reduce morbidity and hospital stay among patients with
cardiac surgery. Our results indicate that hyperlactatemia and
long-term lactate clearance were consistent with AKI, similar
to other reports (8).

The effect of optimum blood pressure in preventing
AKI development, especially in vasopressor-dependent
patients, cannot be ignored. Although our data show the
relationship between hypotension and AKI, the optimal
treatment of hypotension remains controversial. In a
randomized study of 292 high-risk, elderly patients, most of
whom had undergone abdominal surgery, Futier et al. (10)
developed an individualized management strategy systolic
blood pressure (SBP) was targeted to remain within £10%
of the reference value (i.e., patient’s resting SBP) using a
continuous infusion of NE. Ultimately, they showed that the
risk of postoperative organ dysfunction, including AKI, was
reduced from 63% to 46% with individualized management
aimed at SBP compared to standard therapy. We think that in
addition to vasopressor therapy, anesthesiologists can treat
the hypotensive patient with fluid resuscitation, inotropic
support, or reducing dosage of cardiovascular depressant
sedative, analgesic, or anesthetic agents. Previous studies
have shown that changes in renal blood flow are associated
with AKI (11). Lehman et al. (12) reported that the severity
and duration of hypotension were risk factors for AKI
development. Large observational studies have suggested
that even brief exposure to a 10 mmHg reduction in SBP
below 80 mmHg or a 5 mmHg reduction in MAP below 70
mmHg is associated with adverse outcomes (13). Our results
show that hypotension, especially on the postoperative first
day, is a risk factor for the development of AKI, similar to
other studies. Accordingly, a requirement for NE was higher
among those who developed AKI.

Several studies have found that positive FB is associated
with adverse outcomes after cardiac surgery (14). In adult
patients who have undergone cardiovascular surgery, a
positive FB of >849 mL on the first postoperative day has
been shown to be at high risk for AKI (15). Patients with
hemodynamic instability may take in excess fluid. This paves
the way for the development of AKI. In addition, patients
who develop AKI may remain in a positive FB because they
have low urine output. Whatever the cause, fluid overload
can cause impaired tissue oxygenation in the kidneys (16).

Similar to studies published, we determined that after LVAD
surgery, postoperative first day high cumulative FB (2317
mL) is a risk factor for AKI development (17).

Previous studies have examined right ventricular (RV)
function as associated with the development of AKI and
described that preoperative RV function was associated
with an increased risk and severity of AKl in heart transplant
patients (18,19). This may be explained by that long-standing
venous congestion makes the kidneys more vulnerable to the
development of AKI after heart transplantation or LVAD (20).
Wiersema et al. (21) found that lower tricuspid annular plane
systolic excursion (TAPSE) was independently significantly
associated with the development of AKI in critically ill
patients. However, in our study, TAPSE was low in all groups,
and our results showed no difference in AKI development. In
addition, it has been reported that the evaluation of isolated
TAPSE can be potentially misleading (22). Other indices of
RV function, such as inferior vena cava measurements, may
also reflect venous congestion and be associated with AKI
(23). FB may influence RV function and thus interact with
the association with AKI (24). In conclusion, we think that
the combination of RV failure variables may indicate a higher
predictive value for venous congestion and AKl in critically ill
patients compared to TAPSE alone.

Many publications suggest that acute renal failure
developing after LVAD surgery increases 30-day, 180-day,
and 1-year mortality and total hospital mortality (5). However,
these studies defined AKI according to the creatinine-based
RIFLE “Risk” criteria. Studies defining AKI as an RRT
requirement reported 40-70% high mortality rates in AKI
patients and emphasized that patients requiring RRT were
at the highest risk of mortality after LVAD implantation (25).
Consistent with this, we also found that postoperative AKI
increased 30-day mortality and hospital mortality. However,
we classified the mortality risk of the patients according to
the KDIGO criteria and found the hospital mortality to be 58 %
and the 30-day mortality to 39% in patients who developed
AKI. Multiple preoperative risk stratification systems have
been developed to predict the development of AKI and
mortality in conventional cardiac surgery (26). However, such
a classification system has not been developed after LVAD
implantation yet. With further prospective studies on this, a
risk classification can be established. In addition, our analysis
determined that postoperative AKI is associated with
postoperative PMV development. We think that this may be
due to fluid overload and deterioration of lung mechanics as
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a result. We found that the need for RRT and the incidence
of postoperative infection was statistically higher in patients
who developed PMV.

Limitations of this study include those related to any
retrospective analyses. Renal function was assessed using
calculated estimates of GFR; other renal variables such
as renal histology or ultrasonography were not routinely
available. In addition, conditions such as sarcopenia and
cachexia cause lower creatinine levels. The diagnosis of AKI
was made according to the increase in serum creatinine.
Therefore, the use of muscle-independent biomarkers
(NGAL, cystatin C) may be appropriate for prospective
studies. It may be useful to support this study with the
results of prospective studies.

Conclusion

AKl is a common and severe complication after LVAD
implantation, usually seen in advanced stages and associated
with high morbidity and mortality. Risk factors for the
occurrence of AKI included longer CPB time, hypotension

Turk J Intensive Care 2023;21:202-11

and higher cumulative FB on the postoperative first day after
LVAD surgery. A peroperative AKI risk classification system
for patients undergoing LVAD surgery may help to indentify
patients at risk and hereby reduce AKI occurrence after LVAD
surgery.
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Comparison of Calculated and Measured Energy
Expenditure Determination Methods

Hesaplanan ve Olgiilen Enerji Tiketimi Belirleme
Yontemlerinin Karsilastirimasi

ABSTRACT Objective: Indirect calorimetry (IC) is considered the gold standard in the accurate
determination of energy consumption in intensive care patients. This study compared measured
energy expenditure (MEE) with estimated energy expenditure (EEE), calculated from predictive
equations, in mechanically ventilated patients.

Materials and Methods: This study was conducted on 40 patients hospitalized in our medical/
surgical intensive care unit. Twenty four-hour energy consumption measured by IC and energy
consumption calculated by adding correction factors for actual and corrected weights using Harris-
Benedict, Schofield, Ireton-Jones and Swinamer equations were compared.

Results: MEE was 2697.9+606.0 kcal/day. All of the EEE values, calculated using equations were
moderately correlated with MEE and correlations were stronger with adjusted body weights,
however, Bland-Altman statistics represent wide limits of agreement. From another perspective,
EEE corresponding to between 80% and 110% of MEE was considered an adequate feeding range
and provided the best levels of proficiency using adjusted body weight and Long factors; however,
at least, 20% of patients remained at under-or overfeeding risk.

Conclusion: It was concluded that the estimation equations are unreliable in determining energy
consumption in mechanically ventilated intensive care patients due to wide limits of agreement.
Estimates falling in the range of 80-110% of MEE also indicate the possibility of malnutrition. Our
study supports previous studies, which indicated that nutrition management requires an individual
approach.

Keywords: Indirect calorimetry, estimating energy expenditure, mechanical ventilation, nutrition,
intensive care unit

0z Amag: Yogun bakim hastalarinda enerji tiketiminin dogru belirlenmesinde indirekt kalorimetri
(iK) altin standart olarak kabul edilir. Bu calismanin amaci mekanik ventilasyon uygulanan hastalarda
élctilen eneriji titketimini (OET), tahmin ettirici esitliklerle hesaplanan enerii tiiketimi (HET) ile
karsilastirmaktir.

Gerec ve Ydntem: Bu calisma tibbi/cerrahi yogun bakim Unitemize yatirilan kirk hasta tzerinde
yapildi. K ile dlciilen 24 saatlik enerji tiiketimi ile Harris-Benedict, Schofield, Ireton-Jones ve
Swinamer denklemleri kullanilarak aktlel ve dizeltiimis kilolara gore, dizeltme faktorleri de
eklenerek karsilastirildi.

Bulgular: OET'nin ortalamasi 2697,9+606,0 kcal/giin olarak bulundu. Esitlikler kullanilarak
hesaplanan tiim HET degerleri OET ile koreleydi ve diizeltilmis kilolar ile korelasyon giiclenmekteydi,
bununla birlikte Bland-Altman analizi uyum limitlerinin genis oldugunu gésterdi. HET'nin OET’nin
%80 ve %110 arasina tekabll etmesi yeterli beslenme araligi olarak kabul edildi ve dizeltiimis
vlcut agirhgr ve Long faktorlerinin kullaniimasi ile en iyi yeterlilik diizeylerini sagladi; ancak en iyi
ihtimalde bile hastalarin %20'sinin distk veya ylksek beslenme riski altindaydi.

Sonug: Genis uyum limitleri nedeniyle mekanik ventilasyon uygulanan yogun bakim hastalarinda
enerji tiiketimini belirlemede tahmin denklemlerinin giivenilir olmadigr sonucuna variimisti. OET'nin
%80-110"u araligina giren tahminler de yetersiz beslenme ihtimalini isaret etmektedir. Calismamiz,
beslenme yonetiminin bireysel yaklasim gerektirdigini isaret eden calismalari desteklemektedir.
Anahtar Kelimeler: Indirekt kalorimetri, enerji titketiminin tahmini, mekanik ventilasyon, beslenme,
yogun bakim Unitesi
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Introduction

Nutrition is one of the most important parts of critical
care. Underfeeding leads to increase infections, organ failure,
risk of mortality and prolonged mechanical ventilation, and
length of hospital stay. Hyperglycemia, hyperlipidemia,
hepatic steatosis, azotemia, hypercapnia, and increased
mortality are considered complications related with
overfeeding. Therefore determining adequite energy needs
prevent critically ill patients from the harmful effects of
overfeeding and underfeeding (1,2).

Indirect calorimetry (IC) devices measure energy
expenditure (MEE). The working principle of indirect
calorimeter is described by Weir Equation obtained from
the values of inspired oxygen (VO,) and expired carbon
dioxide (VCO,) (3). IC is the gold standard for assessing
EE and for managing nutrition in critically ill patients (1,4).
European Society for Clinical Nutrition and Metabolism
(ESPEN) and American Society for Parenteral and Enteral
Nutrition guidelines recommended IC, in critical care settings
(1,4-6). IC devices are expensive and measuremets are time-
consuming and needs trained staff. Therefore, predictive
equations have been more commonly used to predict EE in
critically ill patients (2,4,5,7).

This study aims to compare widely used four predictive
equations [Harris-Benedict (HB), Schofield (SCH), Ireton-
Jones (IJ), and Swinamer (SW)] with IC measurements in
mechanically ventilated patients within the first 48 hours of
admission.

The association between MEE and Acute Physiology and
Chronic Health Evaluation || (APACHE-II) and Simplified Acute
Physiology score Il (SAPS Il) scores, was also investigated.

Materials and Methods

After Selcuk University Meram Faculty of
Medicine Ethics Committee approval (decision no: 2007/167,
date: 23.07.2007), written informed consent was obtained
from the legal guardians of the patients. Mechanically
ventilated patients, within the first 48 hours of admission
were included in this study.

Patients younger than 18 years old, needed FiO,>0.6 or
positive end-expiratory pressure >12 cm H,O, had a chest
tube leak, were ventilated via tracheostomy, underwent
lobectomy or pneumonectomy operation, with an amputated
limb, and required continuous renal replasman therapy were
excluded.

Patients whose measurements were not completed due
to extubation or exitus and whose respiratory quotient (RQ)
values were measured outside of physiological values (<0.7
or >1.3) were not included in the study.

Patients’ primary diagnosis, height, weight, age, and
gender were recorded. Patients were grouped according to
their body mass index (BMI): BMI <19 kg/m?, BMI between
19-29.9 kg/m?, and BMI >30 kg/m? in order to calculate
adjusted body weights (ABW) for underweight and obese
patients using predictive equations (8).

HB, SCH, IJ, and SW equations were used to calculate
estimated energy expenditure (EEE). Previous studies have
reported better results with a correction coefficient between
1.1 and 1.6 (8-10). Long factors are coefficient factors related
to the patient’s mobility and disease severity and are used
as adjustment factors for calculating EEE with HB equation
(11). For this reason, the results calculated by HB and SCH
equations were multiplied by 1.3 and 1.6 and the results
calculated by HB equation were also calculated by adding
Long factors (Table 1).

Pressure or volume-targeted assist/- controlled
ventilation modes were used in accordance with the cause
of respiratory failure and patients’ requirements. Patients
were given sedatives and analgesics either to avoid ventilator
asynchrony or to reduce pain and anxiety for achieving
Ramsey sedation score 2-3 if needed. IC measurement was
performed via the Datex-Ohmeda M-CAIOVX module (GE
Healthcare/Datex-Ohmeda, Helsinki, Finland) for 24 hours,
and mean MEE values were recorded for each patient.

Routine nursing care including suctioning, daily body
care, and repositioning was performed in accordance with
the general principles of intensive care.

All patients were receiving nutritional support based on
ESPEN guidelines on clinical nutrition in the intensive care
unit (5). Standard isocaloric enteral formulas were used
for enteral nutrition. The parenteral route was used when
enteral nutrition was insufficient or not possible.

APACHE-II and SAPS Il were recorded within 24 hours of
the study period.

Table 1. Long factors

Activity factor Use Injury factor Use

Confined to bed 1.2 Minor operation 1.2

Out of bed 13 Skeletal trauma 135
Sepsis 1.6
Severe thermal burn 2.1

Turk J Intensive Care 2023;21:212-9
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Agreement was defined as EEE within 80% and 110%
of MEE, in accordance with the literature (12,13). The
frequency of EEE, using study equations within 80-110%,
below 80%, and above 110% was calculated.

Data are presented as mean * standard deviation (SD).
P values <0.05 were accepted statistically significant for
the Pearson correlation test and p<0.0001 for Bland-Altman
analysis with 95% confidence intervals.

Statistical Analysis

Statistical software program (SPSS 12.0 2003, SPSS
Inc., Chicago, IL, USA) and MedCalc software (Mariakerke,
Belgium) were used for statistical analysis. Descriptive
statistical methods (mean, SD, frequency) were used for
data analysis. Pearson correlation was used to determine
the relationship between MEE, and EEE values of the
equations, APACHE-II, and SAPS Il scores. Bland-Altman
limits of agreement analysis were undertaken to determine
the extent of error with MEE and EEE.

Results

Fifty-seven patients were enrolled in the study. After
excluding seven patients due to the RQ values outside of the
physiological quotient, five patients due to extubation, three
patients because of death, and 2 patients as their oxygen
requirements rose above 0.6; the study was conducted with
forty patients (Table 2).

Patients whose BMI were between 19.9-29.9 accounted
for 72.5% (n=29). Three (7.5%) of the remaining were

underweight, while eight (20%) of them were overweight/
obese. Since the study was conducted in a mixed intensive
care unit both medical and surgical patients have been
included in the study. Sepsis (n=12, 30%), multiple trauma
(n=8, 20%), intracranial hemorrhage (n=7, 17.5%), Guillain-
Barré syndrome (n=5, 12.5%), HELLP syndrome (n=4, 10%)
were predominant causes of admission, the rest of them
were admitted for other medical conditions. Four of the
sepsis patients (33.3%), two of the multi-trauma patients
(20%) and two of the intracranial hemorrhage patients
(28.6%), and all of the HELLP patients (n=4) were admitted
after surgery.

All of the EEE, calculated by equations were moderately
correlated with MEE and correlations were stronger
with ABW: HB =0.62 and HBadj =0.87; SCH =0.55 and
SCHadj =0.82; 1J =0.52 and IJadj =0.85; SW =0.57 (p<0.05).

Bland Altman’s analysis showed wide limits of agreement
for all equations and in all adjustment groups (Table 3) (Figure
1). Therefore, these wide limits of agreements emphasize
the potential under-or overfeeding with a nutrition protocol
based on predictive equations.

From the point of view of 80-110% of MEE, HB with
ABW and Long factors represents the best fit with 80%
adequacy. This context of definition showed the benefits of
Long factors and ABW, in general (Table 4).

Mean + SD in MEE was 2697,9+606.0 kcal/day. Mean
+ SD values of APACHE-II and SAPS Il were 20.6+8.8 and
47.9+19.9, respectively. There was no correlation between
MEE and severity scores (p<0.05).

Table 2. Patient characteristics
Variables Number of patients Mean £ SD
Sex F 10

M 24
Age (years) 40 45.8+18.9
Height (cm) 40 166.5+£10.2
Body weight (kg) 40 73.9+15.6
BMI (kg/m?) 40 26.7%5.7
BSA (m?) 40 1.8+0.2
APACHE-II 40 20.6%8.8
SAPSII 40 47.9£19.9
MEE (kcal/day) 40 2697,9+606.0
F: Female, M: male, SD: standard deviation, BMI: body mass index, BSA: body surface area, APACHE-II: Acute Physiology and Chronic Health Evaluation Il, SAPS Ii: Simplified
Acute Physiology score, MEE: measured energy expenditure
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Table 3. Bland-Altman analysis: Differences between MEE and EEE calculated using different prediction equations, adjusted body
weights, and correction factors

Bland-Altman tests Bias r(p)

HB -1145+77.7 0.80 (<0.0001)
HBx1.3 -678%75.5 0.71 (<0.0001)
HBx1.6 -272+78.3 0.10 (=0.0013)
HBXxL -91162.5 -0.07 (>0.0001)
HBadj -1071+88.3 0.58 (<0.0001)
HBadjx1.3 -768+80.1 0.54 (<0.0001)
HBadjx1.6 -319+76.8 0.22 (=0.0002)
HBadjxL -141+59.9 0.08 (=0.0235)
SCH -999+88.5 0.62 (<0.0001)
SCHx1.3 -670+85.7 0.53 (<0.0001)
SCHx1.6 -192186.0 0.08 (=0.0310)
SCHadj -1019+92.8 0.58 (<0.0001)
SCHadjx1.3 -705+85.1 0.52 (<0.0001)
SCHadjx1.6 -234+84.9 0.16 (=0.0080)
I-J -590+83.8 0.60 (<0.0001)
I-Jadj -657182.4 0.64 (<0.0001)
SW -1115+83.7 0.62 (<0.0001)
HB: Harris-Benedict, SCH: Schofield, I-J: Ireton-Jones, SW: Swinamer, MEE: measured energy expenditure, EEE: estimated energy expenditure

Discussion

The results of the study showed that none of the
equations is sufficient to determine the actual caloric needs
of the patients, and even when using estimated values
corresponding to 80-110%, at least 20% of the patients are
under- or overfed.

Optimal nutrition constitutes one of the important
treatment components in reducing mortality and morbidity
in intensive care patients. IC is accepted as the gold standard
for determining resting EE (1,2). There are different types of
IC devices in the market. In this study, M-CAIOVX modules,
integrated into the hemodynamic monitors (GE Healthcare/
Datex-Ohmeda, Helsinki, Finland) were used. This module
has the advantages of continuous gas sampling and
measurement of EE and is user-friendly.

It is known intermittent measurements of REE have
shown wide variations. Activities within routine nursing care
have been shown associated with increased EE and the
more clinically stable patients demonstrated less variability
in measurements. Continuous measurement was preferred

because; especially in the first few days of admission to the
intensive care unit, only a few patients could reach to required
stability for short-term or intermittent IC measurements (14).

Mean MEE was 2697,9+606 kcal/day and was higher
than in previous studies (12-15). However, Reid (12) studied
27 patients for five days and use the mean value of the days.
In our study, measurements were commenced within 48
hours of admission, and only for 24 hours, Sungurtekin et
al. (15) conducted a study on 100 patients, according to a
30-minute duration protocol. Short-duration measurements,
at a steady-state condition, may not reflect 24 hours.
Because, energy costs associated with interventions
during daily nursing care such as aspiration, repositioning,
and pulmonary physiotherapy are not reflected in the
measurements (7). In addition, the study population (mean
age 45.8 years) was younger than previous studies that found
lower MEE (12,15,16), but on the other hand, the mean MEE
value of the study was similar to a study in which mean
age of the patients were comparable (14). Furthermore, the
high prevalence of surgery and trauma patients might have
contributed to the high MEE values.
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Predictive equations are found moderately correlated with
IC and the correlation was even stronger when correction
coefficients were added. These findings are consistent with
the previous studies (7,8,12,15). However, Bland Altman’s
analysis showed that the agreement between MEE and
the EEE values of the four equations was poor. This poor
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agreement did not change when different correction factors
or Long coefficient factors and/or ABW of MEE were used.
The lowest bias was found with SCH equation, added
Long factor (0.1+65.8 kcal/day), but even here, the limits of
agreements were wide (-815/816 kcal/day).
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Figure 1. Bland-Altman plots. Differences between measured energy expenditure (MEE) and estimated energy expenditure calculated using different
prediction equations: (A) MEE versus Harris-Benedict (HB) equation; (B) MEE versus HB equation with adjusted body weight, and Long factor;
(C) MEE versus Schofield (SCH) equation (D) MEE versus Ireton-Jones (1)) equation; (E) MEE versus Swinamer (SW) equation
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Table 4. Number (%) of energy expenditure estimates (calculated using the different equations and adjustments) within 80% and 110%
of MEE values and the number (%) of estimates that would result in under (<80% MEE) and overfeeding (>110% MEE)
Equation Mean 25D oot ROt MEE | SOt e
MEE 26981606

HB 15534250 95.0 5.0 0.0
HBx1.3 2020+326 70.0 27.5 25.0
HBx1.6 2478+397 20.0 62.5 17.5
HBxL 2067+547 10.0 72.5 17.5
HBadj 15241242 95.0 5.0 0.0
HBadjx1.3 1982+315 72.5 25.0 2.5
HBadjx1.6 24314383 25.0 60.0 15.0
HBadjxL 2556+523 7.5 80 12.5
SCH 15994244 92.5 7.5 0.0
SCHx1.3 20834318 57.5 40.0 2.5
SCHx1.6 25594391 20.0 55.0 25.0
SCHadj 1573237 20.0 55.0 25.0
SCHadjx1.3 20494309 60.0 375 2.5
SCHadjx1.6 2517+380 22.5 55.0 22.5
I-J 2055+306 65.0 27.5 7.5
I-Jadj 2041+311 65.0 27.5 7.5
SwW 1515+316 95.0 5.0 0.0

HB: Harris-Benedict, SCH: Schofield, I-J: Ireton-Jones, SW: Swinamer, MEE: measured energy expenditure, SD: standard deviation

When the frequency of EEE values corresponding to
<80% below, 80-110%, and 110% above the MEE were
calculated, HB with ABW and Long factors addition found
the most reliable equation. 80% of patients were found
within the adequate range; 5% were in underfeeding, and
12.5% were in overfeeding categories. Although the use
of ABW in the calculation of energy consumption is still
controversial (17), in our study, using ABW for both HB
and SCH equations provided lower overestimation and
higher adequate estimations. However, these results may
still be unreliable, at least 20% of patients likely to receive
inaccurate feeding.

These findings were correlated with those published
in the literature (12,13,15,18). Reid (12) compared IC with HB,
SCH, and American College of Chest Physicians equation in
27 critically ill patients with 192 days of measurements, and
found wide limits of agreement with Bland Altman analysis
in their study.

According to the aforementioned percentage approach,
the number of patients in the adequate feeding range
was highest when the ABW and Long factors were used;

however, it is important to realize that a high proportion of
patients are at risk of under- or overfeeding.

Faisy et al. (18) compared HB equation with IC in
their study, which was conducted on 70 mechanically
ventilated patients. They found a mean bias of 73+502
kcal/day between MEE and calculated EE and the limits
of agreements between the two methods were -932/-
1078. In another study conducted with 100 mechanically
ventilated patients, predictive values of HB, SCH, SW, IJ,
and Penn State equations were investigated (15). High
confidence intervals indicated the equations unreliability of
the equations. De Waele et al. (16) found an unacceptable
correlation between elderly and obese critically ill patients,
in a study, they examined three hundred and twenty-five IC
measurements of 161 patients’ recordings to determine
the agreement between eleven predictive equations and
IC. Recently, Zusman et al. (13) concluded a retrospective
validation study with different predictive equations and Long
correction factor addition. They analyzed a total of 3573 REE
measurements of 1440 patients and found that HB with a
correction factor of 1.3 showed the highest correlation, while
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none of the equations provided acceptable percentages of
adequate feeding (85-115%).

Although previous studies have been conducted on
different patient groups and with different methods, all have
pointed out that the predictive equations are unreliable in EEE
(12,13,15,18). Studies suggested an individualized nutritional
approach due to the individual and iatrogenic factors, which
might cause highly variable EEs among patients (1,19). It
is also reported that adding Long factors provided more
accurate estimates for each patient than adding a standard
coefficient factor for all. These findings supported the
individual management of nutrition (11,15,18).

The correlation between illness severity scores and
MEE is still debated. Swinamer et al. (7) reported a good
correlation between APACHE-Il scores and MEE, but on
the other hand, Brandi et al. (20) and Sungurtekin et al. (15)
documented that there was no correlation between disease
severity and EE. Our results also indicated that there was
no correlation between APACHE-II and SAPS Il scores, and
MEE.

The study has limitations. First of all, it is a single-center
study and conducted on a heterogenic patient population.
Therefore, although heterogeneous, its small sample size
was not enough for detailed subgroup analysis. The second
limitation is the evaluation of only four equations despite a
huge amount of equations being defined in the literature.

Turk J Intensive Care 2023;21:212-9

Conclusion

This study confirms the variability of EE among critically
ill patients and pointed out the importance of IC. Although
its small sample size, this study, like many before it, showed
that, the level of accuracy of predictive equations was
insufficient in mechanically ventilated patients. Wide limits
of agreement and high overestimation and underestimation
ratios indicate that, with equation-based nutrition, critically ill
patients are at notable risk of under-or overfeeding.
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Sequential Application of Oxygen Therapy via High-
flow Nasal Cannula and Non-invasive Ventilation in
COVID-19 Patients with Acute Respiratory Failure in
the Intensive Care Unit: A Prospective, Observational
Study

Yogun Bakim Unitesinde Akut Solunum Yetmezligi
Olan COVID-19 Hastalarinda Yiiksek Akisli Nazal
Kaniil ve invaziv Olmayan Ventilasyon Yoluyla Oksijen
Tedavisinin Sirali Uygulanmasi: Prospektif, Gozlemsel
Bir Calisma

ABSTRACT Objective: Non-invasive mechanical ventilation (NIV) and high-flow nasal oxygen
therapy (HFNO) are the most frequently used methods for treating hypoxemia in those diagnosed
with coronavirus disease-2019 (COVID-19) in the intensive care unit (ICU). In this prospective study,
we compared the effects of these two treatment modalities applied alternately in the same patient.
Materials and Methods: Standard oxygen therapy (SOT) was administered for 1 hour to patients
hospitalized in the ICU with a diagnosis of acute hypoxemic respiratory failure (AHRF) and acute
respiratory distress syndrome (ARDS) due to COVID-19. HFNO and NIV were applied alternately
to patients who met the inclusion criteria, and we evaluated the effects of HFNO and NIV applied
to the same patient.

Results: Thirty of forty-five patients admitted to the ICU for COVID-19 ARDS met the inclusion
criteria for the study. According to the first and second arterial blood gas (ABG) values, the PaO,/
FiO, (P/F) ratio was significantly higher during NIV compared to both baseline and HFNO. In
addition, the ROX index was significantly higher during NIV than HFNO, and SpQ, in NIV increased
significantly compared with the baseline value. In both methods, patient satisfaction according
to the visual analog scale was better than that of SOT. Eighty percent (24/30) of the patients
were orotracheally intubated; 13 patients were transferred to the ward (43.3%), 2 patients were
discharged home (6.7%), and 15 patients died (50%).

Conclusion: Starting respiratory support with HFNO and/or NIV rather than SOT is more effective in
improving oxygenation in patients with AHRF and ARDS due to COVID-19 and other causes. NIV
is more effective than HFNO in increasing the SpO, and P/F ratio.

Keywords: COVID-19, intensive care units, non-invasive ventilation, respiratory distress syndrome,
visual analog scales

0z Amac: Yogun bakim finitesinde (YBU) koronaviriis hastaligi-2019 (COVID-19) tanisi alan
hastalarda hipokseminin tedavisinde en sik kullanilan stratejiler ylksek akisli nazal oksijenizasyon
(HFNO) ve non-invaziv ventilasyon (NIV) stratejileridir. Bu prospektif calismada, ayni hastada
donlstmli olarak uygulanan bu iki tedavi yonteminin etkilerini karsilastirmayi amacladik.

Gereg ve Ydntem: Akut hipoksemik solunum yetmezligi (AHSY) ve COVID-19'a bagl akut
respiratuvar distress sendromu (ARDS) tanisi ile YBU'de yatan hastalara 1 saat standart oksijen
tedavisi uygulandi. Dahil edilme kriterlerini karsilayan hastalara dénisimli olarak HFNO ve NIV
uygulandi ve ayni hasta izerinde HFNO ile NIV etkileri arastirildi.

Bulgular: COVID-19 ARDS nedeniyle YBU'ye kabul edilen kirk bes hastadan otuzu calismanin dahil
edilme kriterlerini karsiladi. Birinci ve ikinci arter kan gazi degerlerine gére NiV sirasinda PaO,/FiO,
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(P/F) orani hem baslangica hem de HFNQO'ya gére anlamli olarak yiiksekti. Ek olarak, ROX indeksi, NIV sirasinda HFNO'dan énemli dlclide daha ylksekti ve
NIV'deki SpO, degeri baslangic degerine kiyasla nemli dlcude artti. Her iki yontemde de vizliel analog skalaya gore hasta memnuniyeti standart oksijen
terapisine (SOT) gore daha iyiydi. Hastalarin yUzde sekseni (24/30) orotrakeal entlibe edildi; 13 hasta servise sevk edildi (%43,3), 2 hasta taburcu edildi
(%6,7), 15 hasta 6ldl (%50).

Sonug: COVID-19 ve diger nedenlere baglt AHSY ve ARDS hastalarinda solunum destegine SOT yerine HFNO ve/veya NIV ile baglamak oksijenizasyonu

ivilestirmede daha etkilidir. NIV, SpO, ve (PaO,/ FiO,) P/F oranini artirmada HFNO'dan daha etkilidir
Anahtar Kelimeler: COVID-19, yogun bakim nitesi, non-invazif ventilasyon, respiratuvar distress sendromu, vizuel analog skalasi

Introduction

The coronavirus disease-2019 (COVID-19) is a mortal
infection that triggers a new kind of severe acute respiratory
syndrome (SARS). A mortality rate of 61% has been
reported in those critically ill who have been identified with
COVID-19 (1,2). The highest mortality rate was reported as
86% in mechanically ventilated patients (3). Progressive
hypoxemia is the main problem in these patients, resulting
from lung injury and associated multi-organ damage.
Aggressive treatments, such as tracheal intubation and
classic mechanical ventilation, which are used to treat lung
injury, have been reported to be unhelpful and potentially
damaging. Acute respiratory distress syndrome (ARDS) that
develops in patients infected with COVID-19 is not typical
and is estimated to have a different mechanism; therefore,
it is emphasized that different strategies should be used for
the treatment of ARDS in these patients (4,5).

Two main strategies used for these patients in the
intensive care unit (ICU) are high-flow nasal oxygenation
(HFNO) and non-invasive ventilation (NIV). HFNO is a
frequently used method for the treatment of hypoxemia
in adult patients with acute respiratory failure. It's principle
based on administering humidified oxygen to the patient
through a nasal cannula in the range between 1-70 L/min.
Due to the limited number of mechanical ventilators in many
ICUs at the beginning of the COVID-19 pandemic, HFNO was
used for a lot COVID-19 patients and also found effective
in retrospective analyses. Many studies have reported that
HFNO therapy is more effective than conventional mask
oxygen therapy (6,7). It is considered beneficial compared
to NIV because it is easier to apply and comfortable for the
patient.

Classical NIV comprises continuous positive airway
pressure (CPAP) or bi-level positive airway pressure
ventilation. It has been used as oxygen/ventilation therapy
in SARS and H1N1 patients and at a rate of 70% for the
treatment of hypoxemia in COVID-19 patients. However,
mortality was high in the COVID-19 patients.

HFNO and NIV strategies are the most used strategies
for the hypoxemia treatment in patients with a diagnosis of
COVID-19 in the ICU. No study has yet compared these two
methods in the treatment of COVID-19. In this prospective
study, we want to compare the effectivity between these
two treatment modalities applied alternately in the same
patient. The primary aim was to evaluate the success of
the treatment [oxygenation and PaO,/FiO, (P/F ratio)] and to
investigate the predictive role of the ROX index [(SpO,/FiO,)/
respiratory rate]. The secondary aim was to discharge the
patients from the ICU to the ward or home.

Materials and Methods

Ethics approval was obtained from the Istanbul Medipol
University Non-Invasive Clinical Research Ethics Committee
for this prospective, observational study (decision no: 889,
date: 10.12.2020). Permission was obtained for the study
from the Ministry of Health of the Republic of Turkey
(permission no: 2020-12-22T15_20_37). The clinical trial was
registered at clinicaltrials.gov (NCT05137431). This study
was conducted in the ICU of Istanbul Medipol University,
an academic university hospital, between December 2021
and April 2022. Forty-five patients with COVID-19 ARDS
were admitted to the ICU during the study period. Standard
oxygen therapy (SOT, mask oxygen) was administered for 1
hour to the patients hospitalized in the ICU with a diagnosis
of acute hypoxemic respiratory failure (AHRF) and ARDS due
to COVID-19. HFNO and NIV were applied alternately to the
patients who met the inclusion criteria, and we evaluated
the effects of HFNO and NIV applied to the same patient.
All participants provided informed consent.

Standard Oxygen Therapy

Oxygen was administered with a simple face mask in
patients who needed oxygen of over 6 L/min. It was started
with 5 L/min oxygen and increased to a maximum of 15 L/
min after the FiO, reached 60% at most.
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Study inclusion and exclusion criteria:

Inclusion Criteria

e Polymerase chain reaction (+),

e P/F ratio <300 mmHg (despite standard mask oxygen
support for 1 hour at 15 L/min),

e Respiratory rate >24/min or signs of respiratory failure
(intercostal retraction, nasal wing breathing),

Exclusion Criteria

e Chronic respiratory failure,

e Cardiogenic pulmonary edema,

¢ Aplasia,

e Glasgow coma scale <12,

e Hemodynamic instability (use of vasopressors),
e Emergency intubation requirement.

Implementation of NIV and HFNO

The patients who met the criteria received HFNO for 16
hours and NIV for 8 hours in 24 hours; they were treated
alternately with 2 hours of HFNO and 1 hour of NIV.

HFNO: The HFNO device (Optiflow, Fisher & Paykel
Healthcare, Auckland, New Zealand) contains an air-oxygen
mixture. The current in the device was adjusted from 50
to 70 liters during the treatment. The patient’s SpO, value
was maintained at at least 92%. Arterial blood gas (ABG)
was evaluated at 1 hour. The blender providing the correct
adjustment of FiO, was set at between 0.21 and 1.0, and the
delivery of the gas flow was provided by a heated humidifier
(MR850, Fisher & Paykel Healthcare) at 70 L/min.

NIV: The patients who underwent NIV were placed in a
semi-recumbent position. The tidal volume was adjusted to
6-8 mL/kg. The respiratory rate was adjusted to be <30/min.
The patient’s SpO, value was maintained at least 92%. The
positive end-expiratory pressure value was set to at least 5
cmH, 0. ABG was evaluated at 1 hour. NIV was administered
with a full face mask (Fisher & Paykel Healthcare) connected
to a mechanical ventilator (Evita XL, Evita 4 or Evita 2 dura,
Drager, Libeck, Germany) and a heated humidifier (MR850,
Fisher & Paykel Healthcare). FiO, was set to keep SpO, at
its lowest (6).

The patients whose HFNO and NIV application could be
followed for at least two cycles (6 hours) were evaluated.

Data Collection

We used STROBE flow chart for our observational study
(Figure 1). The patients’ demographic characteristics, ARDS
criteria, and severity scores were recorded prospectively.
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Figure 1. STROBE flow chart of the study
ARDS: Acute respiratory distress syndrome

The ARDS severity was assessed with the Berlin definition
according to the oxygenation value in the first hour after
treatment: mild (201< PaO,/Fi0, <300 mmHg), moderate
(101< PaO,/FiO, <200 mmHg), or severe (PaO,/FiO, <100
mmHg) (8). The respiratory parameters, ventilator settings,
tolerance, FiO,, and blood gas parameters were recorded
as baseline values when applying the face mask during
spontaneous ventilation and in the first hour after the start
of treatment. Tolerance was evaluated by visual analog scale
(VAS) scoring (with a scoring system from 0 to10). All values
were recorded 1 hour after the start of the second cycle of
the HFNO and NIV sequences. NIV and HFNO application
continued between NIV sessions until the respiratory distress
resolved or the patient was intubated. C-reactive protein
(CRP), D-dimer, and ferritin levels were recorded for all the
patients, and the ROX index (the ratio of oxygen saturation
measured by pulse oximetry/FiO, to the respiratory rate) was
calculated.

The following criteria were used for endotracheal
intubation: Loss of consciousness or psychomotor agitation
hindering nursing care; persistent hypotension (defined by
systolic arterial blood pressure >90 mmHg or mean arterial
blood pressure <65 mmHg) despite fluid resuscitation
or need for vasopressors; or two of the following criteria:
evident worsening of respiratory distress, breathing
frequency of >30 breaths/min, SpO, remaining below 80%
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despite an FiO, of 1.0, or pH <7.30. NIV failure was defined
as the need for endotracheal intubation.

Statistical Analysis

All data are expressed as a median with interquartile
ranges (25" and 75% percentiles) or as a number with
percentages. The data distribution was analyzed using
the Kolmogorov-Smirnov test. Non-parametric tests were
applied according to the result of the test. The qualitative
data were compared using Pearson’s chi-square test, and
the quantitative data were compared by One-Way analysis of
variance (the Friedman test). The Wilcoxon signed-rank test
was applied for repeated measures. A p value >0.05 was
considered statistically significant. Statistical analysis was
performed using IBM SPSS 20.0 software.

Results

Thirty of forty-five patients admitted to the ICU for
COVID-19 ARDS met the inclusion criteria for the study.
Fifteen patients were intubated urgently, so we excluded
them. The characteristics and demographic data of the

Table 1. Demographic parameters of patients

Variables Values

Age (age) 61.5 (51-66)

Weight (kg) 82 (76-90)

Height (cm) 169.5 (164-172)

Status (ward/discharge/exitus) 13 (43.3%)/2 (6.7%)/15 (50%)
Female/male 13/17 (43.3%/56.7%)
Intubation rate 24/30 (80%)

patients at admission are shown in Table 1. There was no
statistical difference in terms of demographic characteristics.

According to the first and second ABG values, the P/F
ratio was significantly higher during NIV compared to both
the baseline and HFNO. In addition, the ROX index was
significantly higher during NIV than HFNO, and the SpO,
in NIV increased significantly compared to the baseline
value. The median P/F ratio of the patients was 74, and the
median ROX index was 7.61. All the patients met the criteria
for severe ARDS (Tables 2-4). In both methods, patient
satisfaction according to the VAS was better than SOT.
Moreover, a significant improvement in VAS was observed
in the HFNO-1 and HFNO-2 measurements (Table 3).

No significant difference was observed in the patients
in terms of the laboratory parameters (CRP D-dimer, and
ferritin) (Tables 2-4).

Eighty percent (24/30) of the patients were orotracheally
intubated (OTE); 13 patients were transferred to the ward
(43.3%), 2 patients were discharged home (6.7%), and 15
patients died (50%) (Table 1).

Discussion

In this study, the P/F ratio and SpO, were significantly
higher during NIV compared to baseline and HFNO. The VAS
score was better for HFNO and NIV-2 than O, therapy applied
with a standard mask for SOT. It was thought that the increase
in saturation and, consequently, the decrease in hypoxic
agitation compared to the standard mask application may be
the reason. The features of HFNO for patients that make it
comfortable (eating, drinking water, and heated-humidified

Table 2. Evolution of arterial blood gases and biochemistry parameters in all patients during HFNO and NIV sessions

Variables Baseline HFNO-1 NIV-1 HFNO-2 NIV-2

SpO, 91 (90-94) 90.5 (84-94) 95 (90-97)» 91 (86-95) 92 (89-97)72°

P/F 74 (60-97) 71 (60-119) 106 (72-158.5)"3b 74 (63-117) 117.5 (86-176)"3>
pH 7.43 (7.40-7.45) 7.46 (7.44-7.48) 7.46 (7.41-7,48) 7.46 (7.41-7.48) 7.44 (7.41-7.47)
ROX 7.61(5.25-9.07) 4.02 (3.56-6.34) 7.92 (5.27-9.39)*° 5.15 (4.06-6.59) 6.69 (4.61-9.07)"2°
PaCo, 34.5(31-37) 32.5(30-35) 34 (32.1-35) 33(31-38) 34 (31-37)

MRR 30 (22-30) 29 (24-32) 28(23-30) 26 (22-30) 26.5 (24-30)°

VAS 3(3-4) 3(2-4)" 3(2-4) 3(2-4)" 3(2-4)"

D-dimer 1063 (689-2089) 1105 (800-1780) 1195.5 (911-1974) 1348 (624-2910) 1348 (636.4-2910)
CRP 80.15 (54.2-117.2) 101.5 (56.1-149) 76 (39.6-142) 77.1(45-149) 86.5 (33-142)
Ferritin 980 (459-1970) 1005.5 (705-1660) 985 (705-1657) 1111 (606-1660) 1111 (606-1660)
HFNO: High-flow nasal oxygen therapy, NIV: non-invasive mechanical ventilation, P/F: PaO,/FiO,, MRR: minute respiratory rate,: VAS: visual analog scale, CRP: C-reactive protein
“p<0.001 versus baseline, “p<0.05 versus baseline, 2p<0.05 versus HFNO-1, ®p<0.05 versus HFNO-2
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Table 3. Evaluation of arterial blood gases and biochemistry parameters in patients during HFNO sessions

\l_/lir,\ilaglesl Baseline HFNO-1 HFNO-2 p-value
SpO, 91 (90-94) 90.5 (84-94) 91 (86-95) 0.974

P/F 74 (60-97) 71 (60-119) 74 (63-117) 0.610

pH 7.43 (7.40-7.45) 7.46 (7.44-7.48) 7.46 (7.41-7.48) 0.500
ROX 7.61(5.25-9.07) 4.02 (3.56-6.34) 5.15 (4.06-6.59) 0.113
PaCo, 34.5(31-37) 32.5(30-35) 33(31-38) 0.561
MRR 30 (22-30) 29 (24-32) 26 (22-30) 0.547

VAS 3(3-4) 3(2-4)" 3(2-4)" 0.02
D-dimer 1063 (689-2089) 1105 (800-1780) 1348 (624-2910) 0.900

CRP 80.15 (54.2-117.2) 101.5 (56.1-149) 77.1(45-149) 0.411
Ferritin 980 (459-1970) 1005.5 (705-1660) 1111 (606-1660) 0.513
HFNO: High-flow nasal oxygen therapy, P/F: PaO,/FiO,, MRR: minute respiratory rate, VAS: visual analog scale, CRP: C-reactive protein

“p<0.05 versus baseline

Table 4. Evaluation of arterial blood gases and biochemistry parameters in patients during NIV sessions

Variables/NIV Baseline NIV-1 NIV-2 p-value
SpO, 91 (90-94) 95 (90-97) 92 (89-97) 0.003
P/F 78 (60-97) 106 (72-158.5)" 117.5(86-176)" 0.001
pH 7.42 (7.40-7.45) 7.46 (7.41-7.48) 7.44 (7.41-7.47) 0.176
ROX 7.61(5.25-9.07) 7.92 (5.27-9.39) 6.69 (4.61-9.07)" 0.23
PaCo, 34 (31-37) 34 (32.1-35) 34 (31-37) 0.695
MRR 30(22-30) 28 (23-30) 26.5 (24-30) 0.361
VAS 3(3-4) 3(2-4)" 3(2-4) 0.01
D-dimer 1146 (760-2089) 1195.5 (911-1974) 1348 (636.4-2910) 0.623
CRP 80.2 (67.1-117.2) 76 (39.6-142) 86.5 (33-142) 0.857
Ferritin 980 (542-1970) 985 (705-1657) 1111 (606-1660) 0.503
NIV: Non-invasive mechanical ventilation, P/F: PaO,/FiO,, MRR: minute respiratory rate, VAS: visual analog scale, CRP: C-reactive protein

“p<0.001 versus baseline, “p<0.05 versus baseline

air advantage) may have had a positive psychological
effect. Similarly, Frat et al. (6) found that although HFNO
showed few useful effects for treatment of hypoxemia and
respiratory distress than NIV compared to SOT, HFNO was
better tolerated and could be used in transition between NIV
sessions without significant oxygenation impairment.

We found no significant difference in the intubation and
mortality rates of the NIV and HFNO applications compared
to studies that compared patients who underwent OTE after
standard mask application. More prospective randomized
controlled studies are needed on whether it contributes
to the improvement of oxygenation in patients discharged
without OTE. In a study focusing on ARDS patients receiving
NIV as first-line therapy according to the Berlin ARDS

Turk J Intensive Care 2023;21:220-7

classification, Thille et al. (9) reported an intubation rate of
61%. However, some patients in that study had a diagnosis
of severe ARDS. In this study, the rate of intubation was
80% in all the patients with a diagnosis of severe ARDS,
which can be attributed to the fact that all the patients had
severe ARDS. Despite this, the 50% mortality rate appears
to be similar to other clinical studies of deaths from COVID-
19-related ARDS (1,2).

In line with this study, Zhu et al. (10) reported that HFNO
is more effective in terms of oxygenation than SOT with a
nasal cannula or oxygen face mask. In another study, the
VAS showed that HFNO was easily tolerated in addition to
its ease of application compared to NIV (11). Other studies
have concluded that HFNO is recommended because of the
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side effects (skin deterioration) associated with the use of
NIV (11,12).

The ROX index, defined as the ratio of SpO,/FiO, to the
respiratory rate, was evaluated as an indicator of the need for
intubation in the patients receiving NIV and HFNO therapy
(13). In this study, a significant increase was found in the
ROX index during NIV compared to HFNO, and the P/F ratio
increased significantly in the NIV group compared to the
HFNO application. The reason why the VAS score was higher
for HFNO than for SOT may be the higher ROX index and P/F
ratio of NIV as well as HFNO's ease of use.

Although it was not possible to evaluate the effect of
HFNO and NIV on intubation, since they were applied in the
same patient, the mortality and intubation rates were similar
compared to the literature, although our patients had severe
ARDS. In the study by Koga et al. (14), the risks of treatment
failure and 30-day mortality were not significantly different
between HFNO and NIV as first-line therapy in respiratory
failure. Levy et al. (15) reported in their study that HFNO
decreased the intubation rate, while NIV increased the
intubation rate in AHSY patients (16). It has been suggested
that HFNO should be used before NIV in critically ill COVID-
19 patients (17).

In a study by Perkins et al. (18) to determine whether
CPAP or HFNO improved clinical outcomes in patients with
AHRF due to COVID-19 compared with SQOT, the application
of CPAP as the first strategy significantly increased the risk
of tracheal intubation or mortality compared to SOT However,
when HFNO was the first strategy, there was no significant
difference with SOT.

A study found that the probability of NIV failure was
higher in hypoxemic patients, and the intubation rate could
reach 60% in randomly selected patients. Providing a high
flow of heated and humidified oxygen, HFNO has been
shown to improve oxygenation and comfort of patient and
alleviate symptoms of illness. For this reason, intermittent
HFNO applications in patients connected to NIV may be a
way to maintain long-term NIV sessions while maintaining
adequate oxygenation (6).

Ospina-Tascon et al. (7) found that the use of HFNO
among severe COVID-19 patients significantly reduced the
need for mechanical ventilation support and clinical recovery
time compared to SOT. Although there was no significant
difference between the rates of HFNO due to COVID-
19, HFENO was associated with a lower rate of invasive
mechanical ventilation (19). Another study concluded that

HFNO was a useful treatment to avoid intubation in ARDS
or as a bridge treatment and that mortality did not increase
due to a delay in intubation (20).

In the study by Zucman et al. (21), 34% of the patients
who presented with deep hypoxemia were successful with
HFNO application and were discharged from the ICU, 63%
required mechanical ventilation, and 3% died due to the
patient’'s desire not to be intubated while receiving HFNO.
The overall ICU mortality was 17%. The authors concluded
that the ROX index, measured within the first 4 hours after
the onset of HFNO, can be an easy-to-use predictor of early
ventilation response (21). In our study, the mortality rate
was 50%, and the intubation rate was 80%. The ROX index
differed significantly between NIV-1 and NIV-2, but there
was no significant difference in HFNQ.

As stated by Oczkowski et al. (22) the guidelines
published by the European Respiratory Society; It has been
suggested to use HFNO instead of NIV in hypoxemic AHRF
patients, and HFNO instead of SOT between NIVs in patients
with AHRFE Our study also points to results consistent with
the guideline (22).

He et al. (23), on the other hand, stated that the use
of HFNO for COVID-19 patients was associated with a
decrease in mortality and hospital stay at 28 days, and they
observed a significant improvement in the P/F ratio at 24
hours. However, it was observed that there was no difference
between HFNO and NIV in transition to invasive mechanical
ventilation. In our study, although an improvement in the P/F
ratio was observed in both strategies, our OTE rate was 80%
(23).

The limitations of our study were the lack of a control
group to evaluate the effects of a strategy combining HFNO
and NIV on outcomes. In addition, because our patient group
consisted of severe ARDS patients, the long-term effects of
the ROX index could not be evaluated, since only two cycles
could be completed in these patients.

Conclusion

Starting respiratory support with HFNO and/or NIV rather
than SOT is more effective in improving oxygenation in
patients with AHRF and ARDS due to COVID-19 and other
causes. NIV is more effective than HFNO in increasing the
SpO, and P/F ratio. In our study, the fact that the ROX index
was high during NIV, which contributes positively to the P/F
ratio and SpQO,, seems to be compatible with the literature
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data in that it can be used in the evaluation of oxygenation.
We conclude that it may be more beneficial to prefer HFNG,
where patient compliance is better, to SOT as a transitional
treatment in NIV applications.
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Effect of the Timing of Admission Upon Patient Prognosis
in the Intensive Care Unit: Off-hours and On-hours

Yogun Bakim Unitesine Kabul Zamaninin Hasta
Prognozu Uzerine Etkisi: Mesai Ici ve Mesai Disi Yatislar

ABSTRACT Objective: This study was planned to evaluate the clinical features and outcomes
of patients hospitalized in intensive care units (ICUs) on-hours [workdays (WD)] and out of hours
[time-off (TO)].

Materials and Methods: Ethics committee approval was obtained for this study. Patients
hospitalized in adult ICUs between July 2021 and January 2022 were retrospectively evaluated.
The patients were divided into two groups: those who were accepted during on-hours (group WD,
WD 08.00 am-05.00 pm) and out of hours (group TO; WD-05.01 pm-07.59 am, weekends, and all
public holidays). The groups were compared in terms of patient characteristics and intensive care
outcomes.

Results: Of the 173 patients included in the study, 69.94% (n=121) were hospitalized during
out-of-hours and 30.05% (n=52) during on-hours. The median age of the patients was 70.3+9.5
years, 58.4% were male and 41.6% were female. The number of patients hospitalized in TO
was statistically significantly higher than the number of patients in WD (p=0.04). There was no
significant difference between the two groups in terms of demographic data, except that chronic
renal failure (18.2%, p=0.024) was more common as a comorbidity in TO patients. The need for
continuous renal replacement therapies treatment, which is one of the reasons for ICU admission,
was found to be significantly higher in TO patients (p=0.048). The length of stay in the ICU and
intubation period was higher in group TO (p=0.006, p=0.022). It resulted in death in 34.1% of the
patients. There was no significant difference in mortality and discharge between the groups.
Conclusion: In our study, the clinical outcome was found to be similar in patients followed up in
ICUs under WD and TO conditions. This result; This can be attributed to the fact that the shift
team is not different in our hospital, the number of experienced health personnel is high, and the
necessary diagnostic procedures are not delayed.

Keywords: Intensive care unit, working hours, workdays, time-off, mortality, discharge

6z Amac: Yogun bakim tniteleri (YBU), kritik hastalarin 24 saat boyunca dinamik olarak takip edildigi
kliniklerdir. Bu calisma; YBU'ye mesai ici (M) ve mesai disi (MD) zamanlarda yatan hastalarin klinik
ozelliklerini ve sonuclarini degerlendirmek amaciyla planlanmistir.

Gereg ve Yéntem: Bu calisma igin etik kurul onayi alindi. Temmuz 2021 ile Ocak 2022 tarihleri
arasinda eriskin YBU'lerinde yatan hastalar geriye doniik olarak degerlendirildi. Hastalar Mi (grup
MI; hafta igi 08.00-17.00) ve MD (grup MD; hafta ici 17.01-07.59, hafta sonlari ve tatil giinleri) kabul
edilen olmak Uzere iki gruba ayrildi. Gruplar hasta 6zellikleri ve yogun bakim sonuglar agisindan
karsilastirildi.

Bulgular: Calismaya dahil edilen 173 hastanin %69,94'(i (n=121) MD, %30,05'i (n=52) MI zamanlarda
takip edilmislerdir. Hastalarin medyan yasi 70,3+9,5 yil olup, %58,4'U erkek, %41,6'sI kadindir. MD
yatan hasta sayisi, Mi yatan hasta sayisina gore istatistiksel olarak anlamli daha yiiksektir (p=0,04).
MD vyatan hastalarda komorbidite olarak kronik bobrek yetmezliginin (% 18,2, p=0,024) daha sik
goriilmesi disinda iki grup arasinda demografik veriler acisindan anlamli fark yoktur. YBU'ye yatis
nedenlerinden surekli renal replasman terapi tedavisi ihtiyaci MD yatan hastalarda anlamli daha
yiiksek olarak bulunmustur (p=0,048). YBU giin sayisi ve entiibe giin sayisi grup MD'de daha
yiksek bulunmustur (p=0,006, p=0,022). Hastalarin %34,1 eksitus ile sonuclanmistir. Gruplar
arasinda mortalite ve taburculuk agisindan anlamli fark yoktur.

Sonug: Calismamizda YBU'lerde MI ve MD kosullarda takip edilen hastalarda klinik sonuglarin
benzer oldugu goérlldu. Bu sonug; hastanemizde nobet ekibinin farkli olmamasina, deneyimli saglik
personeli sayisinin fazla olmasina ve gerekli tanisal islemlerin geciktiriimemesine baglanabilir.
Anahtar Kelimeler: Yogun bakim Unitesi, calisma saatleri, mesai ici, mesai disl, mortalite, taburculuk
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Introduction

Intensive care units (ICU); are clinics where critically
ill patients are treated with a multidisciplinary approach.
Situations that require close observation and rapid
intervention may develop during patient follow-up. Although
mortality rates in the ICUs vary depending on the underlying
disease, they are usually higher than in other services of the
hospital. Mortality rates tend to decrease in ICUs, especially
with the training of qualified personnel and the presence
of technological developments (mechanical ventilation,
extracorporeal membrane oxygenation, continuous renal
replacement, etc.).

In the literature, there are many studies that show
that clinics work more effectively during weekdays than
weekends (1-3). Some researchers have suggested that
this relationship is causal and is due to weekend reductions
in hospital staff and/or the fact that out-of-hours staff
generally have less seniority and experience than regular-
time workers. Others have argued that this correlation is due
to unobservable characteristics of hospitalized patients. It is
important to provide the same quality of service in ICUs 24/7
for the prognosis of the patient. As a result, in this study,
our primary aim is to evaluate the outcomes of patients
hospitalized in ICUs out of hours and our secondary aim is
to determine the factors affecting mortality.

Materials and Methods

Study Design and Participants

This retrospective cohort study was carried out in a single
10-bed ICU of a city hospital operating with 90 intensive
care beds. After obtaining the University of Health Sciences
Turkey, Kartal Dr. Lutfi Kirdar City Hospital Clinical Research
Ethics Committee approval (decision no: 2022/514/218/8,
date: 28.01.2022) and informed consent from all patients,
data was started to collect by scanning the electronic system
and patient files. The study was carried out in accordance
with the ethical principles stated in the Declaration of
Helsinki and Good Clinical Practices.

The study included 173 adult patients who were
hospitalized in the tertiary level ICU between July/2021 and
January/2022. The patients were divided into two groups as
those who were accepted during on-hours [group workdays
(WD); weekdays 08:00 am-05:00 pm] and those who were

accepted out-of-hours [group time-off (TO); weekdays 05.01
pm-07.59 am, weekends and all public holidays].

Data Collection

The clinical and demographic characteristics of the
patients, the reasons of hospitalization, accompanying
comorbidities, the number of days intubated, the length
of stay in ICU, discharge and death status were recorded.
Patients hospitalized for postoperative follow-up and patients
who were hospitalized for less than 24 hours were excluded
from the study. The groups were compared in terms of
patient characteristics and intensive care outcomes.

Intervention

The primary predictor was whether the admission was
on a during working hours or out of hours.

Measurement

The primary outcome was in ICU mortality and secondary
outcomes were discharge and length of stay.

Statistical Analysis

All statistical analyses were performed using the SPSS
(Statistical Package for Social Sciences) software, version
21.0 (IBM Corp., Armonk, NY). Quantitative variables
expressed as mean =+ standard deviation, were compared
using the Student’s t-test. The qualitative variables were
expressed in percentages and compared using either the
chi-square test or Fisher's Exact test. A p-value <0.05 was
considered significant.

Results

In the study period, 121 (69.94%) patients in group TO
and 52 (30.05%) patients from group WD were included
into the study. Number of patients hospitalized outside of
working hours were significantly higher than hospitalized
during working hours (p=0.04). The median age of these
173 patients was 70.3+9.5 years, 58.4% male and 41.6%
female. There was no significant difference between the
two groups in terms of comorbidity, except that chronic renal
failure (CRF). CRF was significantly higher in group TO than
in group WD (p=0.024) (Table 1).

The number of patients receiving invasive mechanical
ventilation support was similar in the two groups. However,
length of stay in ICU and intubated days were found to be
significantly higher in group TO (p=0.006, p=0.022) and the
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Table 1. Characteristics of patients admitted to the ICU

gr::;) workdays Group time-off (n=121) p-value
Number of patients, n (%) 52 (30.05) 121(69.94) 0.04
Age 70.08+15.2 70.08+15.3 0.856
Gender, n (%)
Male 34 (65.4) 76 (62.8)
Female 18 (34.6) 45 (37.2) 0.443
APACHE-II (mean * SD) 20.1£3.62 21.1+3.3 0.900
SOFA score (mean + SD) 5.7 6.2 0.534
Comorbidity, n (%)
Malignancy 14 (26.9) 38 (31.7) 0.345
COPD 4(7.7) 14 (11.7) 0.319
CHF 10(19.2) 19 (15.7) 0.358
CRF 3(5.8) 22(18.2) 0.024
Liver cirrhosis 3(5.8) 13(10.8) 0.232
DM 16 (30.8) 25(20.7) 0.109
CVvD 5(9.6) 18 (14.9) 0.250
Transfer from which clinic, n (%)
From the outer hospital 0 1(0.8)
Emergency service 28(53.8) 65 (53.7) 0.805
In patient clinics 24 (46.2) 55 (45.5)
Readmission to ICU, n (%) 1(1.9) 4(4.4) 0.709
APACHE-II: Acute Physiological and Chronic Health Evaluation-ll, SOFA: Sequential Organ Failure Assessment, COPD: chronic obstructive pulmonary disease, CHF:
congestive heart failure, CRF: chronic renal failure, CVD: cerebrovascular diseases, DM: diabetes mellitus, SD: standard deviation, ICU: intensive care unit

need for continuous renal replacement therapies treatment
was found to be significantly higher in group TO (p=0.048)
(Table 2).

A total of 59 (34.1%) patients died in ICU. Of these, 15
(32.7%) belonged to group WD, 44 (35.5%) belonged to
group TO, and there was no significant difference between
the groups in mortality (p=0.429). A total of 65.9% of the
patients were discharged from ICU. There was no significant
difference in the number of discharged patients between the
groups (Table 2).

Discussion

In this study, we examined the hospitalization of patients
in ICUs for a period of 6 months. We found that the number
of patients hospitalized out of hours was higher than
those hospitalized during working hours, but there was no
significant difference between the two groups in terms of
discharge from ICU and mortality. This result may reflect that
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there is no difficulty in accessing in-hospital care during non-
working hours. When the literature is searched, there are
many studies showing that hospital admission during out-
of-hours is associated with higher in-hospital mortality rates
(1-3), but the reasons for this phenomenon is controversial.

As a result of a 10-year study, Bell and Redelmeier
(4) concluded that the mortality rate is high in weekend
inpatients and that this result is unlikely to be due to chance,
with the exact binomial distribution. They attributed the
high causes of death to the unpopularity of working on
the weekends, the lack of equal numbers and skills of staff
working on the weekends, and also the fact that there are
fewer supervisors on weekends. In our study; in the ICU,
the same team and the same number of ICU staffing work
during working hours and on the shifts. We believe that
this situation is effective on equalizing the quality of work.
Similarly, Fan and Needham (5) supported this conclusion
with their study.

Laupland et al. (6), in their study, found that 41% of the
patients hospitalized in the ICU were overnight and 49%
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Table 2. Comparison of study groups

::ru]l':osuzp; workdays g]l':1u2p1 l):lme off p-value
Hospitalization, n (%)
Trauma 2(3.8) 5(4.2) 0.647
Cerebrovascular diseases 5(9.6) 18 (15) 0.243
Cardiac overload 5(9.6) 9(7.4) 0.417
Acute renal failure 14 (26.3) 41 (33.9) 0.236
Gastrointestinal bleeding 3(5.9) 6 (5) 0.542
Infectious diseases 9(17.3) 9(7.4) 0.050
Acute respiratory failure 10(19.2) 22 (18.2) 0.513
Post-CPR 2(3.8) 8(6.6) 0.376
CRRT treatment, n (%) 4(7.7) 21(17.3) 0.048
Intubated patients, n (%) 28(53.8) 79 (65.3) 0.106
Intubation periods (days) (mean + SD) 4.58+7.9 9.2+13.4 0.022
LOS (days) (mean  SD) 6.62+7.4 11.9+12.9 0.006
Vasopressor need, n (%) 20 (40) 38(31.7) 0.193
Central catheter need, n (%) 19 (36.5) 40(33.3) 0.406
Discharge, n (%) 37 (66.4) 77 (64.2) 0.842
Discharge planning, n (%)
To the surgical clinics 13 (25) 31(25.6)
To the internal medicine clinics 22 (42.3) 39(32.2) 0.187
To the home 2(3.8) 7(5.8)
Death, n (%) 15 (32.7) 44 (35.5) 0.429
LOS: Length of stay in ICU, CRRT: continue renal replacement therapy, CPR: cardioplumober resuscitation, ICU: intensive care unit

were overnight and/or weekends, and they emphasized
that overnight stay was associated with mortality. Similarly,
Buck et al. (7) evaluated the relationship between patient
admission to the ICU out of hours and on the weekend,
and 90-day mortality and showed that the risk of death in
adult patients was slightly higher in those hospitalized out
of hours; as in our study, emphasized that increasing the
out-of-hours services may result in the desired decrease in
the inpatient mortality rate.

Halm and Chassin (8) raised the question of why hospital
mortality rates are changing, and they argued that this
situation is based on medical-social-biological procedural
knowledge and therefore deserves careful investigation.

In a meta-analysis of forty-five articles by Honeyford
et al. (9) concluded that there is high heterogeneity for
the “weekend effect” and further studies are needed. In
a comprehensive meta-analysis by Hoshijima et al. (10);
they concluded that although weekend admissions were

associated with a higher risk of death than weekday
admissions, this effect was limited to certain diagnostic
groups and admission subtypes. As can be seen, the
relationship between patient prognosis and admission time
is limited and shows quite heterogeneity. In this study, we
observed that a similar population of patients were admitted
to our hospital during the day and night. Mitchell et al. (11)
examined a similar study on a specific population. They
cohort 3,729 adult stroke patients hospitalized in tertiary
care between 2001 and 2012. As a result of that study; the
effect of weekend ICU-admission for stroke patients appears
to be significant for in-hospital mortality, but no significant
difference in adjusted ICU-mortality, length-of-stay, or longer-
term morbidity and mortality measures (11).

On the other hand, Adiglizel et al. (12) concluded in their
study that full-time staff would improve outcomes in the
ICUs. In a recent study, Aiken et al. (13) showed that nurse
employment and education are effective on patient mortality.
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In our study, only the patients hospitalized in the ICU were
evaluated and the training of the personnel as a single unit
was based on.

Barnett et al. (14) conducted a study in 38 ICUs in 28
hospitals, reported that the length of stay in the ICU was
significantly longer for weekend or Friday admissions. Ko
et al. (15) showed that there was a significant increase in
weekend hospital admissions, mortality rate, and length of
stay. Similarly, in the present study, length of stay in the ICU
and intubation period were found to be longer in patients in
group TO. This may be associated with unmeasured factors
such as patient characteristics and the severity of the
disease. This result suggests that the patient risk profile and
a difference in severity of illness greatly affect the course of
the disease from patient to patient even if it does not change
the outcome.

In present study, we aimed to investigate whether there
is a difference in patient outcomes in patients admitted to
the ICUs out of hours compared to patients hospitalized
during working hours, and we found that mortality rates
did not change when full care and support can be provided.
Discharge rates were also similar. We attributed this situation
to the fact that the patients who admitted to the hospital
during and out of hours had a similar profile in terms of
factors that could affect mortality and that they could
receive similar health care independent of working hours.
Differences in patient risk factors and disease severity
affected the process, but did not change the outcome.

The results of our study need to be interpreted within the
context of its limitation. First, our study was a retrospective
study and sample size was small. Secondly, our study did
not account patient’s intrinsic factors and the severity of
illness. Finally, we did not attempt to determine whether
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the outcomes were associated with qualities of care and
weekend working staff in this study.

Conclusion

Numerous adverse prognostic factors have been
described that affect mortality rates in critically ill patients
admitted to the ICU. Our study showed that hospitalization
of patients out-of-hours is not one of these reasons. Thus,
we wanted to emphasize that the number of full-time
personnel should be sufficient and the necessary diagnostic
procedures should not be delayed.
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Alternative Treatment Method for Crimean Congo
Hemorrhagic Fever: Coupled Plasma Filtration and
Adsorption

Kinnm Kongo Kanamali Atesi igin Alternatif Tedavi
YOntemi: Birlestiriimis Plazma Filtrasyonu ve
Adsorpsiyon

ABSTRACT Crimean-Congo hemorrhagic fever (CCHF) is a viral hemorrhagic fever syndrome that
can cause multi-organ failure with hyperactivation of the immune system. There is no proven
treatment for CCHF, supportive care is essential for management. Extracorporeal depurative
techniques have been used to remove inflammatory mediators from the bloodstream. This report
aims to present the use of coupled plasma filtration and adsorption (CPFA) in CCHF patients. We
performed CPFA on three patients with CCHF, all of which were confirmed with polymerase chain
reaction. A 35-year-old female was admitted one week after tick-exposure. Despite supportive
treatment, patient developed mucosal and gastrointestinal bleeding due to disseminated
intravascular coagulation (DIC). After CFPA, her clinic situation and laboratory results improved.
A b4-year-old female was admitted to the intensive care unit due to severe bleeding and had a
history of tick bite nine-days-ago. She had multiple organ failure with DIC, we started CPFA. Patient
didn’t respond to the treatment and died. A 69-year-old male was admitted to the hospital on
the seventh-day of exposure to tick. He had diabetes, hypertension and coronary artery disease.
Next day, patient developed alveolar hemorrhage and his liver enzymes, coagulation parameters
deteriorated. We performed CFPA, however, the patient didn't respond to treatment and died. We
suggested that CPFA may have positive effects on the outcome and prognosis of critically ill CCHF
patients. Only one patient responded well which can be a result of being young, early admission
to the hospital and lack of comorbidity. CPFA may be an option to treat severe CCHF infection
with cytokine storm. However,there is a need for further studies on when we should apply this
treatment and whether early application prevents mortality.

Keywords: Crimean-Congo hemorrhagic fever, therapeutic plasma adsorption, therapeutic
plasmapheresis

6z Kirim-Kongo kanamali atesi (KKKA), bagisiklik sisteminin hiperaktivasyonu ile coklu organ
yetmezligine neden olabilen viral bir hemorajik ates sendromudur. KKKA icin kanitlanmis bir
tedavi yoktur, yonetim icin destek tedavisi sarttir. Ekstrakorporeal depuratif teknikler enflamatuvar
mediyatorleri kan dolasimindan uzaklastirmak icin kullanilir. Bu rapor, KKKA hastalarinda birlestirilmis
plazma filtrasyon ve adsorpsiyon (BPFA) kullanimini sunmayi amaglamaktadir. Polimeraz zincir
reaksiyonu ile tanisi dogrulanmis ¢ hastaya BPFA uygulandi. Otuz bes yasinda kadin hasta
kene temasindan bir hafta sonra basvurdu. Destek tedavisine ragmen hastada yaygin damar ici
kanama (YiK) nedeniyle mukozal ve gastrointestinal kanama gelisti. BPFA sonrasi klinik durumu
ve laboratuvar sonuglari dizeldi. Dokuz glin dnce kene isirmasi dyklsi olan 54 yasinda kadin
hasta mukozal kanama ve hipotansiyon nedeniyle yogun bakima alindi. YiK'nin eslik ettigi coklu
organ yetmezligi vardi, BPFA tedavisine ragmen hasta tedaviye yanit vermedi ve eksitus oldu.
Altmis dokuz yasinda erkek hasta kene maruziyetinden bir hafta sonra hastaneye basvurdu. Eslik
eden diabetes mellitus, hipertansiyon ve koroner arter hastaligi vardi. Ertesi giin hastada alveoler
hemoraji gelisti, karaciger enzimleri ylkseldi ve pihtilasma parametreleri bozuldu. BPFA uygulandi
ancak tedaviye yanit vermeyen hasta 6ldi. BPFA'ya yalnizca bir hasta olumlu yanit verdi, bu durum
genc olmak, hastaneye erken basvurmus olmak ve komorbidite olmamasi ile iliskili olabilir. Siddetli
KKKA hastalarinda sitokin firtinasini tedavi etmek icin BPFA iyi bir secenek olabilir. Ancak bu tedaviyi
ne zaman uygulamamiz gerektigi ve erken uygulamanin mortaliteyi 6nleyip dnlemedigi konusunda
ileri calismalara ihtiyag vardir.

Anahtar Kelimeler: Kinm-Kongo kanamali atesi, terapdtik plazma adsorpsiyonu, terapotik
plazmaferez
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Introduction

Crimean-Congo hemorrhagic fever (CCHF) is a viral
hemorrhagic fever syndrome caused by a tick-borne virus
from the genus Nairovirus and the family Bunyaviridae. The
clinical progression occurs in four phases: incubation, pre-
hemorrhagic, hemorrhagic and convalescent period. In severe
cases, hemorrhagic manifestations develop 3-6 days after
the onset of the disease. Thrombocytopenia, leukopenia,
elevated liver enzymes and prolonged coagulation times
are the main laboratory features. Endothelial cells damaged
by virus and virus-derived mediators play a role in the
immunopathogenesis of CCHF (1,2). Pro-inflammatory
cytokines released from damaged endothelial cells activate
immune cells. Cytokines cause releasing of procoagulant
factors, endothelial cell dysfunction and increased vascular
permeability resulting in disseminated intravascular
coagulation (DIC) and multiple organ failure. Rapid and severe
activation of the inflammatory cascade autoamplificate
cytokine production,which is called cytokine storm (3).
There is no recommended antiviral treatment for CCHFE The
clinical and laboratory effect of ribavirin is controversial (4).
Supportive therapy is recommended in the management of
the disease. Different extracorporeal depurative techniques
have been developed to remove inflammatory mediators
from the bloodstream thus restore immune homeostasis.
Plasmapheresis, one of these techniques, has been shown
to have a positive effect on the clinical course of severe
CCHF patients (5-7). Coupled plasma filtration and adsorption
(CPFA), another depurative technique, is used in intensive
care patients with indications such as sepsis, septic shock

and multiorgan failure (8). We present the the use of CFPA in
management of three patients with CCHFE

Case Reports

CPFA was applied to three patients followed in the
intensive care unit (ICU). All of the patients lived in rural
areas and were engaged in animal husbandry. The diagnosis
of CCHF was confirmed by polymerase chain reaction.
Informed consent was obtained for this studly.

Case 1

A 3b-year-old female patient presented to the emergency
department with complaints of fever, malaise and nausea.
The patient was biten by a tick seven-days before her
admission. Her symptoms started three-days after exposure.
She was conscious, cooperative and oriented. She had
fever (38 °C), other vitals were normal. She had bilateral
conjunctivitis and vaginal bleeding. The laboratory blood
results at the admission were as follows: leukocyte count:
810/uL, hemoglobin: 11.4 gr/dL, platelet: 33,000/uL, alanine
aminotransferase (ALT): 55U/L, aspartate aminotransferase
(AST): 239U/L, lactate dehydrogenase (LDH): 1670U/L,
international normalized ratio (INR) 1 and D-dimer >36.2
mg/L. The severity grading score (SGS) was nine (9). On
the 4™ day of hospitalization, despite supportive treatment
refractory thrombocytopenia developed, and intravenous
immunoglobulin (IVIG) was administered. The patient whose
vaginal bleeding continued had hematochezia. Hemoglobin
value decreased (6.6 g/dL). Laboratory values of the patient
are given in Table 1. She developed severe mucosal bleeding,

Table 1. Laboratory parameters of Patient-1 during the clinical course

Days after tick exposure | 7 9 11 13 15 17 19 25
Admission to 1t session of | 2" session of Day of
hospital CPFA CPFA discharge

WBC (x10/pL) 0.81 0.85 0.91 9.5 8.3 7 74 4

Hb (gr/dL) 11.4 9 7.5 71 8.7 8.7 8.9 9

PLt (x10%/pL) 33 14 8 101 67 131 251 235

FIB (mg/dL) 238 230 380 214 375 571 340 300

INR 0.9 1 1.2 0.86 0.8 0.82 0.9 0.9

aPTT (sec) 42 50 50 38 25 20 - 22

D-dimer (mg/L) >36 1.93 3.26 2.2 2.1 - 2.1 -

ALT (U/L) 55 171 430 275 168 100 92 24

AST (U/L) 239 431 1280 667 230 90 40 21

LDH (U/L) 1670 2160 2250 1057 620 543 483 120

WBC: White blood cells, Hb: hemoglobin, PIt: platelet, FIB: fibrinogen, INR: international normalized ratio, aPTT: activated partial thromboplastin time, ALT: alanine

aminotransferase, AST: aspartate aminotransferase, LDH: lactate dehydrogenase, CPFA: coupled plasma filtration and adsorption
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tachycardia (n=140/min) and hypotension (90/50 mm/Hg).
After the patient became desaturated (SpO,: 85%) and
chest X-ray was consistent with interstitial edema, she
transferred to the ICU with oxygen support. By calculating
the patient’s plasma volume, the total plasma volume was
passed through the absorbent (Medisorb, Bellco, Medtronic,
IT) once, the blood flow was 100-120 mL/min, and CPFA
(Bellco, Medtronic, IT) was administered with heparin
infusion for approximately 10-12 hours. The target activated
partial thromboplastin time value in heparin infusion was
between 45-65 seconds. After nine days in ICU, patient’s
leukocyte and thrombocyte values returned to normal and
bleeding stopped. On the 25" day of admission, her vitals
were stable and she was discharged healthy.

Case 2

A b4-year-old female was brought to the hospital with
complaints of widespread muscle-joint pain, fever and
nausea that started three days after a tick bite. There was no
known comorbidities. The patient, who was hospitalized in
another center for five days, was referred to our ICU because
of increased liver enzymes and deterioration in coagulation
parameters. Ten days after tick exposure, the laboratory blood
parameters at admission to the hospital were as follows:
leukocyte: 5910/uL, hemoglobin: 11.4 gr/dL, platelet: 61,000/
pL, ALT: 2153 U/L, AST. 239 U/L, LDH: 116890 U/L, INR: 1,
D-dimer: 1.9 mg/L. SGS was nine. When admitted to the
ICU, the patient required mechanical ventilation. Patient was
treated with CPFA for two days. On the 2" day at the ICU,
she died due to septic shock.

Case 3

A 69-year-old male was admitted to the emergency
department with the complaints of chills, fatigue and
weakness. He had a history of tick exposure seven days prior
to the admission. He had hypertension, diabetes mellitus
and coronary artery diseases with the use of anticoagulants.
The laboratory blood parameters were as follows: leukocyte:
2510/uL, hemoglobin: 16 gr/dL, platelet: 19,000/uL, ALT:
185 U/L, AST: 390 U/L, LDH: 1120 U/L, INR: 0.9, D-dimer:
0.89 mg/L. SGS was ten. Supportive treatment was started.
The patient desaturated on the 2" day of hospitalization,
chest X-ray was consistent with alveolar hemorrhage. The
patient was intubated and transferred to the ICU. Patient was
treated with CFPA on the 2" day of his admission for two
days. The desaturated, hypotensive patient died on the 5%
day of admission.
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Discussion

CCHF incidence is increasing due to changes in
agricultural and animal practices as well as the effects of
global warming on climate. CCHF is among the most fatal
zoonotic diseases. There is a need for new treatment
modalities to manage severe patients.

All of the three patients presented to clinic one week
after the tick exposure were found to have SGS >9, which
is a high risk for mortality (9). Case-based management
of CCHF patients is required therefore checking complete
blood count, coagulation parameters daily to replace blood
products such as platelets, fresh frozen plasma (FFP) and
erythrocyte preparations is essential. As presented in these
cases, vital signs and examination are important since the
clinical course of patients can change very rapidly. We did
not use ribavirin because there are controversial findings
regarding the use of this antiviral in CCHF patients (4).

Clinical progress of all three cases worsened in
hemorrhagic period. One of the reasons for this rapid
deterioration is cytokine storm. Cytokine storm triggers
development of hemophagocytic lymphohistiocytosis,
characterized by an overactivation of macrophages causing
DIC, liver dysfunction, and endothelial damage. To manage
cytokine storm in this particular phase will be effective for
decreasing mortality. In a study, methylprednisolone, FFP
and IVIG have been shown to be beneficial in the treatment
of DIC-associated thrombocytopenia in CCHF patients with
hemophagocytosis (10). In patient-1, IVIG was started due to
refractory thrombocytopenia, but other patients’ vitals were
not stable enough to administer IVIG. To fight with overactive
immune system, extracorporeal depurative techniques have
been developed. Removing inflammatory mediators from
the bloodstream restore immune homeostasis. CPFA is a
hybrid system combining plasma filtration and adsorption
with a resin cartridge that removes cytokines.There are
case-based publications on the use of extracorporeal
depurative techniques in CCHF patients.A positive effect of
plasmapheresis on the prognosis of a pediatric CCHF patient
was reported (6). In another study, 119 adult CCHF patients
were examined, mortality was significantly reduced in the
plasmapheresis group, but the effect on the prognosis could
not be demonstrated (5). We performed CPFA to patients
with CCHF who had cytokine storm causing multiple organ
failure. In average ten days after tick exposure and seven
days after onset of symptoms, when patients were in
hemorrhagic period, first CPFA session done.Primary goal
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Figure 1. ALT and platelet values of patient-1 during the clinical course
*Indicate days of coupled plasma filtration and adsorption sessions
ALT: Alanine aminotransferase, PLT: platelet

for using CFPA is to reduce overactive inflammation and
hemorrhagic complications. The number of CPFA sessions
was determined according to the clinical and laboratory
improvement. CFPA was used with heparin, considering that
there may be an increase in liver toxicity when used with
citrate as an anticoagulant. Despite severe thrombocytopenia
in patient-1, elimination of inflammatory mediators resulted
in rapid improvement in white blood cells and platelet counts
(Figure 1). This promising result may indicate that endothelial
damage can be prevented by controlling the underlying
hyperinflammation with CPFA. Overall, only one patient
responded well, which can be a result of being young, early

admission to the hospital and lack of comorbidity. Since
these treatments were applied to ICU patients improvement
of symptoms or decreasing severity of clinical symptoms
cannot be optimally assessed. The main question we face
is when to apply CFPA. It is not possible to comment on the
effect of the early application of CPFA on mortality and which
patient should be administered early with small number of
patients. Further studies are needed on the indications,
application time and duration of CPFA in CCHF patients.

In this case series, for the first time, use of CFPA in
CCHF patients and its positive effect on prognosis were
demonstrated. More studies are needed using CFPA in
CCHF to understand its effect on disease management.
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